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OF 


THE   CHIEF  OF    ENGINEERS 


Office  of  the  Chief  of  Enghnebrs, 

Washington^  D.  (7.,  October  25, 1869. 

Genebal:  I  have  the  honor  to  present  for  the  information  of  the 
General  of  the  Army,  in  accordance  with»the  instructions  of  the  Secretary 
of  War  of  the  23d  instant,  the  following  report  of  the  duties  devolving 
upon  the  Corps  of  Engineers  for  the  fiscal  year  ending  June  30, 1869  : 

OFFICERS  OF  THE  CORPS  OF  ENGINEERS. 

The  number  of  officers  in  the  Corps  of  Engineers  at  the  end  of  the 
year  was  one  hundred  and  eleven  on  the  active  list,  and  six  on  the  K^tired. 
In  addition,  the  corps  was  aided  by  officers  detailed  from  other  arms  of 
the  service,  and  a  number  of  civil  engineers,  geologists,  &c.,  &c. 

Since  the  last  report  the  corps  has  lost  by  death  an  able  and  distin- 
guished officer,  Major  M.  D.  McAlester,^ brevet  brigadier  general  United 
States  Army.  There  has  been  one  resignation  during  the  year,  and  one 
officer  has  been  retired. 

On  June  30, 1869,  the  officers  were  distributed  as  follows: 

On  duty  in  the  office  of  the  Chief  of  Engineers,  including  the  Chief  6 

On  duty  with  boards  of  engineers  for  fortifications 7 

On  duty  with  battalion  of  engineers 23 

On  duty,  construction  of  fortifications 8 

On  duty,  coiistruction  of  river  and  harbor  improvements 18 

On  duty,  construction  of  fortifications,  and  river  and  harbor  improve- 
ments   21 

On  duty  in  charge  of  public  buildings,  grounds,  &c 1 

On  duty,  survey  of  the  lakes 6 

On  special  duty 1 

On  leave  of  absence,  till  date  of  resignation 1 

Awaiting  orders 1 

Detached  on  duty  with  generals  commanding   divisions,  depart- 
ments, &C : 22 

Eetired,  ofl[*  duty. 2 

Total 117 


.    The  officers  detached  were  on  duty  as  follows: 

Brigadier  General  Eichard  Delafleld,  brevet  major  general  United 
States  Army,  and  Colonel  Hartman  Bache,  brevet  brigadier  gen- 
eral United  States  Army,  members  of  Light-house  Board 2 

Major  C.  B.  Comstock,brevet  brigadier  general  United  States  Army, 
aide-de-camp  to  the  General  of  the  Army. 1 
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Major  O.  M.  Poe,  brevet  brigadier  general  United  States  Artny, 
engineer,  secretary  to  Light-house  Board 1 

Major  Henry  M.  Eobert,  on  staff  of  major  general  commanding  mil- 
itary division  of  the  Pacific 1 

Major  Wm.  B.  Merrill,  brevet  colonel  United  States  Army,  on  stAff 
of  the  lieutenant  general  commanding  military  division  of  the 
Missouri 1 

Major  O.  E.  Babcock,  brevet  brigadier  general  United  States 
Army,  on  duty  with  the  President  of  the  United  States 1 

Capta-iu  G.  L.  Gillespie,  brevet  lieutenant  colonel  United  States 
Army,  engineer  tenth  light-house  district 1 

Captain  George  Burroughs,  brevet  major  United  States  Army, 
engineer  sixth  light-house  district 1 

Captain  Wm.  J.  Twining,  brevet  major  United  States  Army,  on 
staff  of  commanding  general  department  of  Dacotah 1 

Captain  G.  J.  Lydecker,  brevet  captain  United  StlEites  Army,  engi- 
neer eighth  light-house  district,  west  of  Pearl  River . , 1 

Captain  Charles  B.  Phillips,  brevet  captain  United  States  Army, 
on  staff  of  commanding  general  department  of  Missouri 1 

Captain  Chas.  W.  Raymond,  on  temporary  duty  at  headquarters 
military  division  of  the  Pacific ■. 1 

Captain  Lewis  C.  Overman,  on  staff  of  commanding  general  fifth 
military  district 1 

First  Lieutenant  George  M.  YVlieeler,  on  staff  of  commanding  gen- 
eral department  of  California ^ .       1 

Captain  P.  S.  Michie,  brevet  lieutenant  colonel  United  States  Army, 
Captain  W.  H.  H.  Benyaurd,  brevet  major  United  States  Army, 
First  Lieutenant  M.  R.  Browa,  First  Lieutenant  James  C.  Post, 
First  Lieutenant  Henry  M.  Adams,Fir8t  Lieutenant  James  Mer- 
cur,  and  First  Lieutenant  Charles  E.  L.  B.  Davis,  on  duty  at 
Military  Academy 1 .       7 


22 


The  following  officers  of  the  army  were  on  duty  during  the  year  under 
my  orders,  namely:  Brevet  Major  General  J.  H.  Wilson,  lieutenant  col- 
onel United  States  Army;  Second  Lieutenant  E.  T.  Hoffman,  United 
States  Army. 

The  following  principal  civil  engineers  and  geologists  were  employed 
during  the  year :  W.  Milnor  Roberts,  Clarence  King.  H.  C.  Long,  and  D.  C. 
Jenne,  while  besides  these  were  many  others  emi>iQyed  as  assistants  on 
the  Works  of  survey  and  improvement. 

sea'COast  and  lake  frontier  defenses. 

During  the  past  year  very  moderate  progress  has  been  made,  and  only 
upon  tliose  portions  of  the  defensive  works  no  questions  concerning 
which  are  involved  in  the  solution  of  the  problems  that  are  the  subject 
of  experiment.  Progress  was  thus  restricted,  because  of  the  smallness 
of  the  appropriations  for  fortifications.  Much  larger  sums  have  been 
:asked  for  by  me,  and  could  be  used  with  advantage  as  well  as  economy. 

Investigations  relating  to  the  use  of  metals-for  defensive  p'urposes  have 
been  continued,  and  with  results  which  have  at  least  shown  in  what 
cases  we  cannot  yet  enter  upon  the  use  of  materials,  the  preparation  of 
which  in  this  country  has  not  attained  the  perfection  which  our  pur- 
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poses  require,  and  suggest  the  question  whether  the  results  reached  in 
other  countries  have  proved  satisfactory.  But  little  information  is  made 
public  in  Europe  upon  the  subject.  It  cannot  be  ascertained  whether 
the  use  of  iron  or  its  compounds  has  been  definitely  adopted  as  a  con- 
stituent of  those  parts  of  defensive  works  that  are  exposed  to  the  Are  ot 
heavy  artillery,  while  thus  far  it  appears  that  in  its  application  to  ships 
this  metal  does  not  afford  the  desired  resistance  to  heavy  shot. 

In  these  investigations  varieties  of  iron  from  different  parts  of  the 
country  have  been  procured  and  tested,  and  exx>eriments  have  been  made 
with  lead  concrete  in  combination  with  iron,  and  with  several  other 
forms  of  compound  targets.  These  experiments  were  made  with,  a  gun 
of  small  caliber,  and  in  connection  with  a  testing  machine  and  other 
apparatus;  some  of  the  tests  applied  being  such  as  to  develop  information 
relative  to  the  use  of  the  materials  for  purposes  of  civil  as  well  as  mili- 
tary engineering.  A  detailed  report  of  these  experiments  has  been  nearly 
completed,  which  should  be  printed  and  distributed  to  the  corps. 

The  importance  of  securing  additional  cover  for  barbette  guns  in 
earthen  batteries,  a  point  also  presented  in  last  year's  report,  has  received 
due  attention.  Drawings  and  descriptions  of  mimerous  inventions  for 
this  purpose  have  been  collected  and  distributed  to  the  corps,  and  sev- 
end  new  devices  have  been  originated  by  officers  of  engineers.  One  of* 
these  latter,  a  modification  of  the  present  barbette  carriage  and  platform, 
mounting  a  fifteen-inch  gun,  has  b^n  tested  experimentally  with  maximum 
charges  of  100  pounds  of  powder,  and  solid  shot  weighing  432  pounds.  The 
results  are  believed  to  justify  the  opinion  that  this  method  of  mounting 
guns  is  not  only  practicable  so  far  as  to  secure  the  necessary  cover,  but 
that  our  heavy  guns  may  be  worked  in  this  manner  with  a  reasonable 
number  of  men,  and  without  the  aid  oi  steam  power  or  other  auxilia- 
ries of  questionable  utility. 

The  magnitude  of  this  experiment  compares  with  that  of  Captain  Mon- 
crieff,  the  only  similar  one  of  which  we  have  information,  as  follows : 

Weight  of  gun 50, 000  pounds. 

Weight  of  shot  used  in  the  experiments,  (old  pattern) .  432  pounds* 

Weight  of  charge 100  pounds. 

Caliber  of  gun .15-inch. 

Descent  of  gun  during  recoil 5  feet. 

Weight  of  gun,  ^(Captain  Moncrieff's) . .' 15, 000  pounds. 

Weight  of  shot -do 115. pounds. 

Weight  of  charge do 22  pounds. 

Caliber  of  gun do 7-inch. 

Descent  of  gun  during  recoil,  do 3  feet. 

« 

The  experimental  structures  at  Old  Point  Comfort  and  Fort  Delaware 
mentioned  in  last  yeai^s  report,  haveb^n  completed  and  subjected  to  the 
necessary  firings.  Several  important  results  have  been  developed  by 
these  trials.  It  may  be  anticipated  that  with  further  research  and  delib- 
eration the  use  of  iron  will  be  found  practicable  in  shielding  casemate 
guns  in  our  existing  masonry  casemates,  in  cases  where  such  protection 
is  considered  necessary.  The  present  difficulties  are  its  excessive  cost, 
and  the  insufficiently  developed  condition  of  the  processes  of  metal  work- 
ing in  this  country.  Before  applying  iron  or  its  compounds  as  a  sole» 
material  for  gun  covers  in  new  works,  its  cost  must  be  reduced  and  the 
means  of  supplying  it  must  be  increased. 

For  these  reasons  it  appears  to  be  inexpedient  at  present  to  press 
the  question  of  the  special  employment  of  iron  in  our  defensive  worka 
to  a  solution  which  would  probably  be  premature.    While  investigation 
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as  to  BVLch  employment  goes  on,  it  is  proposed  to  strengthen  our  defenses 
by  the  use  of  approved  materials,  and  by  the  introduction  into  them  of 
elements  and  accessories,  the  value  of  some  of  which  has  been  developed 
by  the  events  of  our  late  civil  war,  while  the  changes  in  naval  construc- 
tion have  given  a  prominence  to  others  heretofore  recognized  as  ser- 
viceable, but  which  have  not  as  yet  been  systematically  applied. 

Such  accessories  and  meliorations  of  our  works,  with  comparatively 
few  casemate  covered  guns,  will  as  fully  assure  as  heretofore  the  security 
of  our  great  seaboard  cities,  naval  establishments,  and  harbors  of  refuge 
and  rendezvous. 

As  the  earl3^  completion  of  these  proposed  modifications  of  our  defenses 
involves  only  moderate  expenditures,  it  is  earnestly  recommeuded  that 
Congress  provide  for  this  by  making  the  requisite  appropriations. 

To  exhibit  the  subject  somewhat  more. in  detail,  it  is  to  be  said  the 
board  of  engineers  for  fortifications,  to  which  was  committed  the  duty 
of  preparing  the  experimental  structures  referred  to,  and  of  making  the 
necessary  trials  of  them,  presented  the  following  conclusions  in  their 
report  upon  the  subject,  recommending : 

First.  The  preparation  at  appropriate  positions  of  powerful  barbette 
batteries  for  the  largest  calibers  of  guns,  carefully  protected  by  traverses 
*and  parados,  and  liberally  furnished  with  magazines  and  bomb-proof^. 

Second.  The  substitution  of  a  depressing  gun-carriage  for  the  model 
now  in  use.  This  substitution  will  provide  for  the  descent  of  the  gun 
upon  discharge  entirely  below  the  level  of  its  eajrthen  covers,  so  that  the 
piece  and  its  gunners  will  be  thoroughly  sheltered  from  an  enemy's  flre. 

Third.  The  free  introduction  of  large  mortars  in  the  defensive  arrsuige- 
ments.  These  ^vill  act  effectively  upon  the  thin  decks  of  vessels  whose 
sides  are  heavily  armored ;  and  they  admit  of  being  placed  upon  ground 
not  suitable  for  gun  batteries,  are  easily  isolated  and  covered,  and  of 
moderate  cost. 

Fourth.  The  employment  of  torpedoes  as  an  accessory,  using  the 
engineer  battalion  for  experimentally  developing  the  system  and  for 
applying  it  to  actual  defense.  Torpedoes  are  of  litttle  cost,  can  be  easily 
preserved,  and  readily  placed  in  position.  Their  value  has  been  weU 
shown  in  the  Crimean  war,  in  the  Baltic,  and  in  our  southern  waters 
during  our  late  war. 

Fifth.  The  use  of  obstructions  arid  floating  batteries,  as  heretofore 
recommended  in  previous  projects  for  the  defense  of  oiyj  coast. 

The  views  of  the  board  are  in  accordance  with  my  own  convictions, 
and  have  been  approved  by  the  General  of  the  Army  and  by  the  Secse- 
tary  of  War,  upon  being  laid  before  them  by  me,  with  favorable  recom- 
mendation. 

Specific  projects  for  the  defense  of  our  principal  ports  and  harbors 
are  now  in  process  of  preparation,  in  conformity  with  these  approved 
determinations,  and  it  is  for  the  execution  of  these,  so  far  as  presented, 
as  well  as  for  the  furtherance  of  work  already  in  progress  which  con- 
forms to  these  views,  and  for  necessary  repairs  and  preservation  of  sites, 
that  the  estimates  of  the  year  have  been  made.  It  is  hoped  they  will 
receive  the  approval  of  Congress. 

The  board  of  engineers  for  fortifications  has  already  submitted  the 
projects,  in  great  part,  for  modifying  the  defenses  of  New  York,  Phila- 
delphia, and  Boston,  and  a  brief  statement  in  relation  to  them  will  be 
found  under  the  heading  of  ea<5h  work  or  position,  together  with  the 
estimates  of  cost. 

At  other  points  similar  meliorations, Jn  a  greater  or  less  degree,  have 
been  considered  in  preparing  the  estimates  for  the  next  fiscal  year. 
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FORTIFICATIOKS.  * 

Fort  Wayne^etroit,  Michigan,  in  charge  of  Colonel  T,  J,  Oram,  brevet 
major  general  tfnited  States  Army. — ^Operations  at  this  work  have  been 
carried  on  through  the  year,  resulting  as  follows :  The  widening  of  the 
ditch  has  been  completed,  and  its  bottom  covered  with  soil  and  seeded. 
The  embanking,  soil-covering,  and  sodding  of  the  counterscarp  have 
been  completed  except  at  the  demilune.  The  glacis  has  been  com- 
pleted on  the  northwest  or  land  front,  and  the  east  face  of  the  north 
bastion,  and  the  counterscarp  raised  to  the  same  height  as  for  the  rest 
of  the  counterscarp  of  the  main  work.  At  the  foot  of  the  glacis  an 
open  ditch  for  drainage  has  been  constructed  and  sodded.  The  gap 
left  in  the  scarp  of  the  main  work  for  communication  has  been  appro- 
priately filled.  Nothing  has. been  done  on  the  lateral  exterior  batteries 
except  embanking  in  their  parapets  five  hundred  and  fifty  cubic  yards 
of  earth  from  the  ditch,  and  the  making  of  the  arch  centers  and  doors  of 
the  magazines.  A  substantial  fence  to  inclose  the  glacis  has  been  com- 
menced. The  old  cellar  excavations  have  been  completely  filled,  leaviug 
the  parade  ground  in  good  condition.  The  operations  contemplated  for 
the  present  year  are :  To  complete  the  fence  and  drain  around  the  foot 
of  the  glacis;  to  complete  the  thickening  of  the  embankment  in  front 
of  counterscarp  crest ;  to  cover  the  arch  of  the  demilune  magazine  with 
mastic  and  earth;  to  complete  soiling  and  seeding  the  glacis,  and  to 
remove  the  present  road  leading  from  the  engineer  dock  out,  so  as  to  be 
exterior  to  the  lateral  battery. 

Ko  appropriation  asked  for  the  next  fiscal  year. 

Fort  Niagara,  mouth  of  Niagara  River,  New  ¥orJc,  in  charge  of  Lieu- 
tenant Colonel  0,  E.  Blunt,  brevet  colonel  United  States  Army,  Major  M. 
D.  McAlester,  brevet  brigadier  general  United  States  Army,  and  Major 
Nicholas  Botoen^  brevet  colonel  United  States  Army, — ^During  the  past  year 
the  force  on  this  work  has  beefi  employed  as  follows :  The  sallyport  arch 
and  entrance,  with  parapet  above  it,  have  been  completed ;  casemate* 
arches  concreted,  covered  with  mastic  and  finished;  entrance  to  fiank 
casemate  completed;  rampart  and  parapet  of  the  flanks  have  been 
extended  forward  to  the  scarp  wall ;  brick  masonry  of  the  flanking  gal- 
lery finished  except  the  coping ;  the  walls  of  the  small  postern  commu- 
nicating with  the  gallery  have  been  built  and  the  arch  turned ;  all  dry 
stone  filling  behind  walls  finished,  and  the  old  scarp  timbers  entirely 
removed.  During  the  year  ending  June  30, 1870,  it  is  intended  to  con- 
tinue and  complete  the  land  front,  and  repair  United  States  buildings, 
wharf  and  crib  jetties. 

No  appropriation  asked  for  the  next  fiscal  year. 

Fort  Ontario,  Oswego,  New  York,  in  charge  of  Lieutenant  Colonel  C.  JE7. 
Blunt,  brevet  colonel  United  States  Army,  Major  M,  D.  McAlester,  brevet 
brigadier  general  United  States  Army,  and  Major  Nicholas  Bowen,  brevet 
colonel  United  States  Army. — ^During  the  past  year  the  force  on  this  work 
has  been  engaged  on  the  scarp  wall;  forming  and  sodding  parapet  of 
front  No.  4 ;  completing  the  masonry  and  joiners'  work  of  the  two  guard- 
houses, and  making  them  ready  for  occupancy.  During  the  year  end- 
ing June  30,  1870,  it  is  proposed  to  continue  the  raising  of  the  scarp- 
waU  on  all  ftt)nt8  to  the  required  references ;  commence  masonry  of  loop- 
hole galleries  of  bastions  D  and  E,  and  quarry  and  dress  stone  for  same ; 
continue  the  formation  of  parax>ets  and  slopes;  grade  and  drain  the 
ditch ;  make  and  hang  gates  for  sallyports,  &c. 

No  appropriation  asked  for  the  next  fiscal  year. 

Fort  Montgomery,  outlet  of  Lake  Champlain,  New  Torhy  in  charge  of 
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Captam  J.  W.  Barlomj  brevet  lieutenant  colonel  United  States  Army. — 
During  the  year  staircase  bastion  G  has  been  raised  to  the  height  of 
39^.78 ;  the  adjoining  pier  completed }  the  south  end  of  parade  wall  of 
curtain  III  raised  to  39^58,  and  that  of  the  west  end  of  curtain  II  to 
38^33.  The  last  main  arch  and  drain  of  curtain  in  and  the  remaining 
two  of  bastion  0  have  been  tamed.  The  second  floor  arches  of  one 
suite  of  rooms  in  the  quarters,  and  the  roofing  of  curtain  III  and  bas- 
tion G,  have  been  completed.  The  terreplein  of  the  former  and  a  part 
of  the  latter  have  been  filled  with  earth.  The  stone  facing  of  the  west 
salient  of  cover-face  has  been  raised  to  its  full  height,  and  the  cover- 
face  embanked  witibi  earth. 

It  is  proposed  to  replace  the  wooden  floors  of  curtains  I  and  Y,  and 
bastions  A  and  E,  with  masonry;  rebuild  counterscarp,  and  make 
some  other  necessary  repairs. 

Appropriation  asked  for  the  next  fiscal  year,  $65,000. 

Fort  Knox,  Bucksport,  Penobscot  Biverj  Mc^ne.  in  charge  of  Lieutenant 
Colonel  George  Thorn,  brevet  brigadier  general  United  States  Armyj  and 
Lieutenant  Colonel  James  0.  ZhLaTiej  brevet  brigadier  general  United  States 
Army. — During  the  past  fiscal  year  the  exterior  slope  of  the  north 
coveLl  way  w^  i«b£lt  with  a  stone  facing  of  roagh  gLiite  to  a  refer- 
ence  of  eight  feet  below  the  interior  crest,  and  repairs  of  the  northern 
and  western  exterior  slopes  of  the  northeast  place-of-arms  were  com- 
pleted. 

Appropriation  asked  for  the  next  fiscal  year,  $25,000. 

Fort  Fopham,  mouth  of  Kenivebeo  River,  Maine,  in  charge  of  Lieutenant 
Colonel  George  Thorn,  brevet  brigadier  general  United  States  Army,  emd 
Lieutenant  Colonel  James  C.  Duome,  brevet  brigadier  general  United  States 
Army. — ^The  appropriation  for  this  work  having  been  exhausted,  opera- 
tions were  suspended  and  no  expense,  except  for  the  care  and  preser- 
vation of  the  work,  has  been  incurred.  At  the  close  of  the  year  ending 
June  30, 1809,  a  board  roofing  was  built  6ver  the  unfinished  casemates 
of  the  fort  to  protect  them  against  the  weather. 

Appropriation  asked  for  the  next  fiscal  year,  $25,000. 

Fort  Gorges,  Portland  Harbor,  Maine,  in  charge  of  Lieutenant  Colonel 
George  Thorn,  brevet  brigadier  general  United  States  Army^  and  Lieuten- 
ant Colonel  James  C.  Duane,  brevet  brigadier  general  United  States  Army. -^ 
During  the  past  year  the  two  magazine  traverses  on  the  gorge,  and  the 
bomb-proofs  on  fronts  I,  IV,  and  V^  of  the  barbette  tier,  were  completed. 
On  the  completion  of  these  operations — ^the  appropriation  having  been 
exhausted — ^fronts  II,  III,  IV,  and  V,  and  the  angles  I-VI  and  V-VI,  as 
well  as  the  finished  bomb>proofs  and  magazines,  were  covered  with  a 
substantial  boai*d  roofing  for  protection  against  the  weather.  One  hall 
and  six  rooms  in  the  qunrters  were  finished  during  the  year. 

Appropriation  asked  for  the  next  fiscal  year,  $25,000. 

New  Fort  Preble,  Portland  Harbor,  Mains,  in  charge  of  Lieutenant 
Colonel  George  Thorn,  brevet  brigadier  general  United  States  Army^,  and 
Lieutenant  Colonel  James  C.  Duane,  brevet  brigadier  gefneral  United  States 
Army. — During  the  past  year  the  magazine  traverse  in  the  south  battery 
was  completed.  The  excavation  for  the  new  magazine  in  the  old  inclosed 
work  was  executed ;  the  foundation  walls  built,  and  the  walls  of  the 
magazine  carried  up  to  the  spring  line  of  the  arches.  A  i>ortion  of  the 
parade  in  the  rear  of  the  water  fh>nts  was  filled  in.  Scarps  A  and  B 
(new  fronts  of  old  inclosed  work)  and  gun  platforms  and  recesses  were 
pointed.  A  considerable  quantity  of  stone  was  dressed  for  the  maga- 
zine, and  the  brick  barracks  in  the  inclosed  work  were  demolished. 

Appropriation  asked  for  the  next  fiscal  year,  $50,000. 


RBPOBT  01*  CHIEF  OF  ENQIHEBBS.  9 

Fort  Soammelj  PorUand  Harbor  j  Maine^  in  charge  of  Lieutenant  Colonel 
Oeorge  Thorn j  brevet  brigadier  general  United  States  Army,  and  Ideutenant 
Colonel  James  G.  Duane,  brevet  brigadier  general  United  States  Army.^^ 
During  the  year  magazine  traverse  0  in  the  main  work  was  built  and 
the  excavation  for  the  drains  leading  from  the  magazine  was  completed. 
The  site  for  magazine  traverse  B  has  been  excavated. 

Appropriation  asked  far  the  next  fiscal  year,  $50,000. 

Fort  MeClary,  Portsmo%th  Harbor j  Kittery  Point,  Maine,  in  charge  of 
Lieutenant  Colonel  J.  0.  Foster,  brevet  major  general  tfnited  States 
Army. — ^o  work  Has  been  done  during  the  fiscal  year  except  the  receipt 
of  materials  previously  contracted  for,  and  guarding  and  preserving 
the  materials  and  machinery  on  hand. 

Appropriation  asked  for  the  next  fiscal  year,  $75,000. 

Fort  Constitution,  Portsmouth  Harbor,  New  Hampshire,  in  charge  of 
Ideutenant  Colonel  J.  0.  Foster,  brevet  major  general  United  States 
Army. — 'So  work  performed  except  guarding  and  preserving  the  machin- 
ery and  materials  on  hand. 

No  appropriation  asked  for  the  next  fiscal  year. 

Fort  Warren,  Boston  Harbor,  Massachusetts,  in  charge  of  Colonel  H.  W. 
Benham,  brevet  me^  general  United  States  Army.-r-The  work  of  the 
fiscal  year  comprises  the  completion  of  the  masonry  and  earth- work  of 
the  bomb-proof  traverse  of  the  cover  fiu^e  of  front  2.  The  repairs  of  the 
casemate  leaks  in  the  officers'  quarters,  at  each  flank  of  front  3;  the 
repairs  of  several  land  sUdes  on  the  ravelin,  upon  cover-lace  of  the 
gorge,  (fronts,)  and  on  the  interior,  below  the  ramps;  the  commence- 
ment  of  extensive  repairs  of  leaks  over  casemates  of  front  2 ;  the  rebuild- 
ing of  a  carpenter's  shop,  and  the  essential  completion  of  the  rebuilding 
of  the  quarters  of  the  engineer  workmen.  It  is  very  important  that  this 
fine  work,  occupying  so  favorable  a  position  for  the  defense  of  the 
anchorage  of  Nantasket  Beads  and  the  main  outer  channel,  should  be 
prepared,  at  as  early  a  day  as  practicable,  for  as  many  of  the  most  pow- 
erM  sea-coast  guns  as  can,  with. adequate  protection,  be  placed  in  it 
without  too  great  cost.  A  project  for  its  modification  in  accordance 
^th  this  view  has  been  prepared.  It  is  proposed  to  modiiy  the  princi- 
pal barbette  earthen  batteries  of  the  w(»rk  in  a  manner  to  furnish  em- 
placements for  a  large  number  of  heavy  guns,  with  the  requisite  maga- 
zine traverises  and  parados  for  protecting  them  against  enfilade  and 
reverse  fij:^s. 

Estimated  cost  of  modifications,  $402,400.  Appropriation  asked  for 
the  next  fiscal  year,  $200,000. 

Long  Island  Head,  Boston  Harbor,  Massachusetts. — ^The  United  States 
having,  under  the  act  of  Congress  approved  March  2^,  1867,  acquired 
possession  of  this  headland,  well  situated  for  the  defense  of  Broad 
Sound  and  the  main  i^p  channel,  it  is  proposed  to  construct  upon  it 
a  barbette  earthen  battery  for  heavy  guns,  with  the  requisite  magazine 
traverses  and  parados. 

Estimated  cost  of  battery,  $175,000«  Appropriation  asked  for  the 
next  fiscal  year,  $175,000. 

Fort  Winthnyp,  Boston  Harbor,  Masscuihusetts,  in  charge  of  Colonel  H, 
W.  Benham,  brevet  major  general  United  States  Army. — The  operations 
at  this  work  during  the  year  have  comprised  the  completion  of  the  long 
bomb-proof  tunnel-way,  connecting  the  tower  ditch  and  the  south  bat- 
tery with  its  covering  of  asphalt  and  earth,  and  the  construction  of  a 
bomb-proof  traverse  opposite  the  entranee  to  the  tunnel  (to  protect  it) 
on  the  south  battery.  The  grading  and  sodding  of  the  earthen  counter- 
scarp slopes  on  the  north  and  west  sides  of  the  tower  were  finished,  and 


10  BEPOBT  OF   CHIEF  OF  ENGIKEEB8. 

the  grading  of  these  slopes  on  the  remaining  sides  has  been  nearly 
completed.  The  open  covered  way,  or  stairs,  between  the  soutibi  and 
southwest  batteries,  has  been  constnicted,  and  the  surplus  earth 
arranged  in  a  parapet  embankment  for  ftirther  protection.  Several 
earth  slides  of  the  traverse  slopes  have  been  repaired,  and  the  earthen 
parapet  of  the  west  front  of  the  work  around  the  tower  has  been  com- 
menced.  It  is  expected  that  the  whole  west  half  of  this  outwork, 
except  its  breast^height  wall,  will  be  completed  during  the  present  work- 
ing season.  It  is  proposed  to  construct  a  sea-wall  to  protect  the  bluflF  in 
front  of  the  east  battery,  and  to  arrange  the  covered  ways  of  the  keep 
for  the  reception  of  a  battery  of  very  large  guns ;  to  fit  the  east  battery 
for  a  like  armament,  instead  of  its  present  artillery ;  to  make  similar 
alterations  of  the  south  and  west  batteries,  and  to  provide  new  and 
modify  existing  magazines,  traverses,  and  parados  of  the  work,  for  the 
reception  of  larger  supplies  of  ammunition,  and  for  the  better  protection 
of  the  work  against  reverse  or  entllade  fire. 

Estimated  cost  of  the  modifications,  $138,000.  Appropriation  asked 
for  the  next  fiscal  year,  $138,000. 

Fort  Independence^  Boston  Harbor^  MassachtisettSy  in  charge  of  Colonel 
S.  W.  Benfmnij  brevet  major  general  United  States  Army. — ^The  Work  of  the 
year  has  been  essentially  as  follows:  The  construction  of  a  magazine  to 
th«  southeast  exterior  battery,  and  the  completion  of  the  bomb-proof 
traverse  adjacent,  with  the  regulation  of  the  ground  near;  the  repair 
of  the  slopes  of  the  northwest  exterior  magazine,  and  the  temporary 
protection  of  the  southeast  shore  by  an  '^ apron"  facing  of  rough  stone- 
Plans  for  the  modification  of  this  work  have  been  prepared,  it  is  pro- 
posed to  substitute  for  the  present  barbette  armament  a  number  of  the 
largest  guns,  thoroughly  protected  by  traverses,  parados,  and  parapets 
of  increased  thickness. 

Estimated  cost  of  modifications,  $106,000.  Appropriation  asked  for 
the  next  fiscal  year,  $106,000. 

Permanent  defenses  at  Frovinoetotjon  Harbor ^  Massachusetts, — ^The  prepa- 
rations of  a  project  for  the  defense  of  this  harbor  will  be  undertaken  by 
the  board  of  engineers  for  fortifications  as  soon  as  practicable. 

Ko  appropriation  a^ked  for  the  next  fiscal  year. 

Fort  at  Olark^s  Pointy  New  Bedford,  Massachusetts,  in  charge  of  Captain 
J,  A.  Smith,  brevet  m^jor  United  States  Army,  and  Major  D.  0.  Houstonj 
brevet  colonel  United  States  Army, — The  work  on  this  fort  during  the 
past  year  ha^  been  as  follows :  The  first  and  second  tiers  have  been 
completed^  except  quarters ;  the  mastic  covering  of  roof  surfaces  and 
magazines  has  been  completed;  the  three  barbette  magazines  have 
been  finished  excepting  the  wood  work ;  the  breast  height  wall,  parapet 
and  terreplein  of  gorge,  and  the  two  rectangular  stair  towers  have  been 
completed,  the  roof  of  one  being  occupied  by  the  lantern  of  the  light- 
house placed  there  during  the  year;  the  two  circular  stair  towers  have 
been  temporarily  roofed  and  windows  closed ;  the  iron  railings  in  front 
of  magazine  doors  have  been  constructed  and  put  up  with  one  excep- 
tion, and  the  pointing  of  the  entire  masonry  completed.  The  amount 
estimated  to  complete  the  work,  exclusive  of  additional  batteries,  for 
which  plans  have  been  prepared,  is  $50,000. 

Appropriation  asked  for  the  next  fiscal  year,  $50,000. 

Fort  Adams,  Newport  Harbor,  Rhode  Island^  in  charge  of  Major  D.  0. 
Houston,  brevet  colonel  United  States  Army,^~-The  work  on  this  fort  has 
consisted  in  building  shot  beds,  repointing  masonry,  nncovering  and 
asphalting  two  arches  in  west  front,  repairing  terreplein  on  east  front^ 
repairing , sea-wall  in  front  of  fifteen-inch  gun  battery  in  southwest 
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cover-face,  completing  new  guard-house  in  place-of-arms  east  front, 
refacing  embrasures  of  west  front,  repairing  permauent  wharf,  making 
new  postern  gates,  repairing  water-closets  and  pumps,  building  in 
southeast  bastion,  earth  closets  and  urinal  for  soldiers'  use,  and  hot-bed 
for  drying  earth  for  same,  lackering  iron  railings  and  repairing  side- 
walks in  main  work,  together  with  general  repairs.  The  work  contem- 
plated for  the  year  ending  June  30, 1870,  will  consist  in  completing  the 
earth-closets  for  soldiers'  use,  repairing  brick  embrasures  of  the  fort, 
repointing  the  masonry  where  necessary,  and  making  such  other  repairs 
as  are  necessary  for  the  preservation  of  the  work.  To  construct  perma-. 
nent  quarters  for  officers,  and  effect  necessary  repairs  and  alterations  of 
the  fort,  an  appropriation  is  desired. 

Appropriation  asked  for  the  next  fiscal  year,  $150,000. 

Defenses  of  Dutch  Island^  western  entrance  to  Marragansett  Bay^  Rhode 
Islandj  in  charge  of  Major  D.  0.  Houston^  brevet  colonel  United  States 
Army, — The  operations  on  these  works  during  the  past  fiscal  year  have 
consisted  in  altering  the  upper  barbette  battery  to  adapt  it  to  an  arma- 
ment of  fifteen-inch  guns,  constructing  two  service  magazines,  com- 
pleting permanent  wharf,  repairing  buildings,  boats,  and  temporary 
wharf,  and  grading  and  draining  in  rear  of  fifteen-inch  gun  battery. 

No  appropriation  asked  for  the  next  fiscal  year. 

Fort  Trumbull^  New  London  Harbor^  Connecticut^  in  charge  of  Major  D. 
C  Houston^  brevet  colonel  United  States  Army. — ^The  work  at  this  fort 
during  the  year  has  consisted  in  repointing  the  parade  wall,  and  in  the 
care  of  the  work  by  a  fort-keeper. 

No  appropriation  asked  for  the  next  fiscal  ye^r. 

Fort  Hale^  New  Haveti  Harbor^  Connecticut^  in  charge  of  Major  D.  C, 
Houston^  brevet  colonel  United  States  Army. — Nothing  beyond  making 
and  hanging  a  gate  at  the  entrance  to  the  reservation  has  been  done 
during  the  year.    The  work  has  been  cared  for  by  a  fort-keeper. 

No  appropriation  asked  for  the  next  fiscal  year. 

Fort  Schuyler^  Fast  River ^  New  Yorkj  in  charge  of  Major  JOT.  i.  Abbot^ 
brevet  brigadier  general  United  States  Army, — Operations  during  the  past 
year  have  been  confined  to  completing  the  work  on  the  new  magazines, 
and  gun  platforms  of  the  cover-face,  to  making  necessary  modifications 
of  the  casemates  of  the  second  tier  to  adapt  them  to  f^ceive  the  new 
iron  carriages  of  the  eight-inch  guns,  to  supplying  the  main  magazines 
of  the  foi-t  with  wire  gauze  gratings  and  galvanized  iron  shutters,  and 
to  minor  repairs.  The  appropriation  for  the  work  is  entirely  exhausted. 
It  is  proposed  to  extend  the  casemates  of  the  water  fronts  of  the  main 
work  so  as  to  admit  of  a  sufficient  terreplein  for  heavy  guns  with  their 
magazine  traverses,  behind  earthen  instead  of  the  present  stone  para- 
pets, to  arrange  the  cover-face  for  additional  fire,  to  provide  splinter 
proof  traverses  in  the  place  of  arms,  to  place  a  battery  ou  the  glacis  at 
the  north  end  of  the  covered  way,  and  to  erect  a  new  battery  with 
magazine  traverses  and  parados  beyond  the  glacis. 

Estimated  cost  of  these  modifications,  $308,000.  Appropriation  asked 
for  the  next  fise^il  year,  $160,000. 

Fort  at  Willefs  Fointj  eastern  entrance  to  New  York  Harbor^  in  charge 
of  Major  H.  L,  Abbot^  brevet  brigadier  general  United  States  Army, — ^The 
funds  available  for  this  work  being  nearly  exhausted,  operations  have 
been  restricted  to  preparing  the  foundations  for  a  large  storage  maga- 
zine, to  fitting  up  a  service  magazine  for  the  reception  of  powder,  and 
to  caring  for  the  property  on  hand.  The  experiment  of  employing  sol- 
diers of  the  batallion  of  engineers  upon  the  work  has  been  tried  to  a 
limited  extent  with  success.    It  is  proposed  to  construct  upon  the  bluff 


12  KEPOBT  OF  CHIEF  OF  EKGINEEBS. 

an  earthen  barbette  battery  for  heavy  gans  T?ith  the  necessary  maga- 
zine traverses  and  parados.  Estimated  cost  of  battery  $180,000.  Ap- 
propriation asked  for  tbe  next  fiscal  year,  $180,000. 

Fort  Columbus  J  Govemor^s  Island^  New  York  Ravhor^  in  charge  of  Major 
jyi  Boweriy  brevet  coUmel  United  States  Army^  and  Lieutenant  Colonel  John 
Newton^  brevet  major  general  United  States  Army, — Operations  have  con- 
sisted in  the  repair  of  the  glacis,  the  slopes,  roads  and  banks,  the  draw- 
bridge, magazines  and  engineer  buildings,  and  in  making  a  new  port- 
cullis. It  is  proposed  to  construct  an  earthern  barbette  battery  for 
heavy  guns,  with  its  magazine  traverses  on  the  glacis  of  the  work,  at 
an  estimated  cost  of  $104,000. 

Appropriation  asked  for  the  next  fiscal  year,  $104,000. 

Castle  Williams^  Govemor^s  Island^  New  York  Harbor ^  in  charge  of 
Major  N.  Bowen^  brevet  colonel  United  States  Army,  and  Lieutenant  Colonel 
John  Newton^  brevet  major  general  United  States  Army, — ^The  brick  floors 
of  the  ground  tier  have  been  relaid,  the  casemates  of  upper  tier,  gal- 
leries and  railings  of  6>econd  and  third  tiers,  terreplein  of  barbette  tier 
and  magazines,  repaired. 

No  appropriation  asked  for  the  next  fiscal  year. 

Fort  Wood^  Bedlo^s  Island,  New  York  Harbor,  in  charge  of  Major  N 
Bowen,  brevet  colonel  United  States  Army,  and  Lieutenant  Colonel  John 
Newton,  brevet  mujor  general  United  States  Army, — ^The  pavement  of  the 
sallyport  has  been  relaid,  and  the  masonry  of  tbe  sea-wall  i>ointed.  It 
is  proposed  to  modify  the  exterior  earthen  battery  of  the  work  for  the 
emplacement  of  heavy  guns  with  their  magazine  traverses,  at  an  esti- 
mated cost  of  $32,000. 

Appropriation  asked  for  the  next  fiscal  year,  $32,000. 

Fort  Hamilton,  New  York  Harbor,  in  charge  of  Lieutenant  Colonel  Jno, 
Newton,  brevet  major  general  United  States  Army, — ^The  work  during 
the  past  year  has  consisted  in  altering  embrasures  on  the  east  and  north 
fronts,  pointing  scarp  and  counterscan>  walls,  rebuilding  a  portion  of 
counterscarp  wall,  filling,  grading,  and  sodding  slopes  in  front  of  same, 
and  in  making  several  necessary  small  repairs. 

New  Battery  near  Fort  Hamilton,  New  York  Harbor,  in  clmrye  of  Lieur 
tenant  Colonel  John  Newton,  brevet  major  general  United  States  Army. — 
During  the  ye^R*  the  north  and  south  magazines  have  been  completed, 
with  the  exception  of  some  work  at  entrances ;  nine  magazine  traverses 
have  been  finished ;  3,464  lineal  feet  of  drain  bailt ;  991  lineal  feet  of 
rubble  sea-wall  rebuilt;  3,407  square  yards  of  slopes  repaired  and  sodding 
re-laid.  It  is  proposed  to  construct  an  additional  earthen  barbette  bat- 
tery, with  magazine  traverses  for  heavy  guns,  below  the  channel  front 
of  Fort  Hamilton,  and  to  extend  the  existing  battery  to  supply  addi- 
tional emplacements  for  guns  of  like  caliber,  at  an  estimated  cost  of 
$135,000. 

Appropriation  asked  for  Fort  Hamilton  and  batteries  for  the  next 
fiscal  year,  $92,000. 

Fort  Wadsworth,  New  York  Harbor,  in  charge  of  Major  Q.  A.  Oillmore, 
brevet  major  general  United  States  Army, — ^The  only  operations  at  this 
work,  during  the  past  year,  were  the  removal  of  three  hundred  and 
thirty  cubic  yards  of  earth,  which  washed  down  into  the  road  from  the 
main  slope,  in  rear  of  the  fort. 

No  appropriation  asked  for  the  next  fiscal  year. 

Fort  on  site  of  Fort  Tompkins^  New  York  Harbor,  in  charge  of  Major 
'Q,  A,  Oillmore,  brevet  major  general  United  States  Army. — ^Operations  at 
this  work  were  confined  to  the  completion  of  the  south  soldiers'  latrine, 
the  construction  of  drains,  a^d  the  general  repairs  upon  the  slopes  in 
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front.  The  drain  from  the  latrine  to  and  through  the  sea-wall  at  Fort 
Wadsworth  was  finished,  and  the  latrine  turned  over  to  the  garrison. 
A  twelve-inch  iron  pipe  was  placed  in  the  slope  connecting  the  north 
ditch  of  the  work  with  the  drain  in  the  north  cliff  battery,  and  an  exper- 
imental system  of  earthen  drains  was  laid  in  the  main  slope  in  front  of 
the  work.  It  is  proposed  to  complete  the  channel  front  of  the  fort  with 
one  tier  of  casemates,  closed  in  front  by  a  low  masonry  scarp  with  cover- 
face,  and  sarmounted  by  a  high  earthen  parapet,  thus  fdrnishing  an  ele- 
vated battery  for  heavy  guns,  with  their  magazine  .traverses ;  to  con- 
struct an  exterior  earthen  battery  for  heavy  guns  on  the  north  glacis, 
and  to  complete  the  other  unfinished  parts  of  the  work  essentially  as 
originally  designed.  Estimated  cost  of  completion,  $300,000.  Appro- 
priation asked  for  the  next  fiscal  year,  $60,000;  in  addition  to  which  it 
is  asked  that  the  unexpended  balance  of  the  appropriation  for  new  case- 
mated  battery  on  Staten  Island  be  made  available  for  this  work.  The 
amount  of  tins  balance  is  $239,468  25. 

Battery  Hudson^  New  York  Harh&Ty  in  charge  of  Major  Q.  A.  Oillmorej 
brevet  major  general  United  States  Army, — In  the  past  yeai*  the  entire 
slope  in  rear  of  this  battery  slid  into  the  terreplein,  in  consequence  of 
hoavy  and  continuous  rains,  involving  considerable  expense  in  its  repair. 
It  has  been  restored  at  a  more  gentle  sloi)e,  v^hich  promises  to  be  endur- 
ing; and  the  cesspools  have  been  protected  from  the  wash  of  the  slope 
by  surrounding  them  with  low  walls  in  rear.  The  lining  of  the  two  prin- 
cipal magazines  with  wood  was  commenced.  It  is  proposed  to  modify 
the  old  portion  of  this  battery,  and  add  some  new  traverses,  to  adapt  it 
to  the  emplacement  of  heavy  guns,  and  to  construct  an  earthen  exten- 
sion at  the  south  end,  with  the  requisite  traverses,  and  a  reserve  maga- 
zine, at  an  estimated  cost  of  $62,000. 

Appropriation  asked  for  the  next  fiscal  year,  $60,000. 

New  Casemated  Battery  on  Staten  Island,  New  York  Harbor^  in  charge 
of  Major  Q.  A.  Oillmore,  brevet  major  general  United  States  Army. — ^The 
operations  of  the  past  year  were  limited  to  the  construction  of  a  portion 
of  the  permanent  wharf  adjacent  to  the  battery,  and  to  the  care  and 
preservation  of  the  work.  During  the  current  fiscal  year  the  portion 
commenced  will  be  finished  by  filling  and  paving  the  interior  and  com- 
pleting the  road  to  the  shore. 

No  appropriation  asked  for  the  next  fiscal  year. 

North  Oliff  Battery y  Staten  Island^  New  York  Harbor ,  in  charge  of  Major 
Q,  A.  Gillmorej  brevet  major  general  United  States  Army. — The  entrance 
walls  of  the  principal  magazines  wexe  slightly  prolonged  to  adapt  them 
to  the  modified  slope  of  the  earth,  the  terreplein  and  roads  were  partly 
cleared  of  the  washing?  from  the  rear  slope,  and  the  earth  filled  on  the  par- 
apet and  parados,  and  the  coveringof  magazine  was  completed  by  bringing 
earth  from  the  glacis  of  Fort  Tompkins.  It  is  proposed  to  construct  a 
new  magazine  and  three  traverses,  and  to  make  some  slight  modifications 
to  adapt  the  battery  for  the  emplacement  of  guns  of  the  heaviest  cali- 
ber, at  an  estimated  cost  of  $27,000. 

South  Cliff  Battery^  Staten  Island,  New  York  Harbor,  in  charge  of  Major 
Q.  A,  GillmorCy  brevet  major  general  United  States  Army. — ^The  rain 
storms  of  July  and  September,  1868,  affected  the  slopes  covering  the 
principal  magazines,  and  rendered  repairs  necessary.  The  earthwork 
was  restored  on  the  north  magazine  with  a  more  gentle  slope,  and  the 
side  walls  of  the  entrances  were  prolonged  to  correspond  thereto.  The 
earthwork  of  the  south  magazine  was  partially  restored  at  the  former 
slope,  and  revetted  with  salt  marsh  sods.  Platform  No.  5,  injured  in 
experimental  firing,  was  repaired.    It  is  proposed  to  modify  this  battery 
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by  removing  some  of  the  existing  platforms,  and  constructing  additional 
traverses,  at  an  estimated  cost  of  $17,000. 

Fort  at  Sandy  Hookj  New  Jersey^  in  charge  of  Lieutenant  Colonel  John 
Newton^  brevet  major  general  United  States  Army, — The  condition  of  the 
channel  front  remains  as  at  the  date  of  the  last  annual  report.  The 
southeast,  south  and  southwest  land  fronts  have  been  continued  during 
the- present  year.  The  scarp  of  the  southeast  front  is  generally  at  the 
reference  (19'  2")  of  the  sills  of  the  loop-holes — of  tbe  southwest  at  the 
reference  (14'  10")  two  courses  below  the  sills — and  the  (short)  south 
front  has  about  half  the  foundations  and  a  small  portion  of  the  scarp 
built  to  the  reference  (7'.)  During  the  next  year  it  is  proposed  to  con- 
tinue operations  on  the  land  fronts. 

Appropriation  asked  for  the  next  fiscal  year,  $150,000. 

Fori  Mifflin^  Delaware  River ^  Pennsylvania,  in  charge  of  Lieutenant  Col- 
onel C.  S.  Stewart,  brevet  lieutenant  colonel  United  States  Army. — No  new 
appropriation  having  been  made  for  the  year,  the  property  has  been  in 
charge  of  a  watchman.  Two  shot  furnaces  have  been  removed.  The  cov- 
ering of  bridge  from  demilune  to  the  main  work  has  been  renewed,  and 
other  nee>essary  small  repairs  made.  It  is  proposed  to  so  modify  the 
channel  fronts  and  demilune  as  to  furnish  emplacements  for  a  number 
of  heavy  guns,  with  the  requisite  magazines  and  traverses,  and  to  con- 
struct anew  earthen  barbette  battery  south  of  the  fort  for  heavy  guns^ 
with  their  magazine  traverses,  at  an  estimated  cost,  in  all,  of  $107,000. 

Appropriation  asked  for  the  next  fiscal  year,  $107,000. 

Fort  IMaware,  Delaware  River,  Delaware,  in  charge  of  Lieutenant  Col- 
onel C.  S.  Stewart,  brevet  lieutenant  colonel  tfnited.  States  Army, — Opera- 
tions have  been  confined  to  repairing  platforms  of  barbette  guns ;  to  the 
removal  of  closure-stones  of  sinks  of  casemate  quarters  and  barracks, 
fronts  four  and  five :  and  to  minor  repairs  of  wharves,  bridges,  quarters 
of  employes,  and  or  the  river  embankments.  It  is  proposed  to  mbdify 
the  bastions  of  this  work,  fitting  them  to  furnish  emphicements  for  heavy 
guns,  with  magazine  traverses  and  thick  earthen  parapets. 

Appropriation  asked  for  the  next  fiscal  year,  $37,000. 

Battery  at  Finnh  Point,  New  Jersey, — It  is  proposed  to  construct  on 
this  point  a  barbette  exiTthen  battery  for  guns  of  the  largest  caliber, 
'  with  magazine  traverses,  which  will  cross  its  fire  with  Fort  Delaware  in 
the  defense  of  the  main  channel. 

Appropriation  asked  for  this.purpose  for  the  next  fiscal  year,  $67,000. 

New  fort  near  Delaware  breakwater. — A  project  for  the  occupation  of 
this  position  will  be  prepared  as  soon  as  the  board  of  engineers  for 
fortifications  can  give  the  necessary  attention  to  it. 

No  appropriation  asked  for  the  next  fiscal  year. 

Fort  McHenry,  Baltimore  Harbor,  Maryland,  in  charge  of  Colonel  J,  M. 
.  Simpson^  brevet  brigadier  general  United  States  Anny, — During  the  year 
the  terreplein  of  water  battery  and  ditch  of  main  work  were  repaired, 
the  brick  hoods  of  magazines  increased^  to  protect  the  doors  from  rain ; 
defective  drains  in  main  work  relaid ;  covering  and  slopes  of  magazines 
and  slopes  of  water  battery  reformed,  and  magazines,  where  necessary, 
recovered  with  sods. 

No  approi)riation  asked  for  the  next  fiscal  yoar. 

Fort  Carroll,  Baltimore  Harbor,  Maryland,  in  charge  of  Colonel  J,  H. 
Simpson,  brevet  brigadier  general  United  States  Army. — The  only  work 
done  at  this  fort  during  the  year  has  been  in  repairing  the  temporary 
wharf. 

No  appropriation  asked  for  the  next  fiscal  year. 

Obstructions  of  the  Potomac. — It  was  not  found  practicable  last  year  to 
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obtain  the  desired  co-operatioii  of  the  navy  in  making  experiments  upon 
these  obstructions.  The  nmterial  has  been  examined  and  painted,  and 
is  now  in  store.  Trials  will  be  made  of  the  serviceableness  of  the  obstruc- 
tions as  soon  as  arrangements  can  be  perfected  for  that  purpose. 

Ko  appropriation  asked  for  the  next  fiscal  year. 

Fort  Monroey  Old  Point  Comfort^  Virginia^  in  charge  of  Colonel  Senry 
Brewertonj  brevet  brigadier  general  United  States  Army. — ^During  the 
year  a  new  center  pintle  platibrm.  for  a  fifteen-inch  gun,  has  been  con- 
structed in  the  salient  of  the  leit  bastion  of  front  4.  The  parapet  in 
front  of  this  platform  has  been  increased  in  thickness.  A  firont  pintle 
platform  for  a  fifteen-inch  gun  has  been  constructed  in  the  covered 
way.  One  thousand  running  feet  of  roadway,  inside  of  the  fort,  has 
been  graded  and  co\'«red  with  six  inches  of  clay,  completing  this  part 
of  the  work.  Seven  stone  crossings  have  been  built  at  various  points* 
Twenty-three  hundred  running  feet  of  drains,  and  a  cess-pool,  have  been 
constructed,  to  facilitate  surface  drainage.  The  brick  drains  of  the 
ramps  have  been  repaired,  as  have  the  bridges  and  draws  where  needed. 
The  scarp  and  counterscarp  walls,  below  high  water,  have  been  cleaned, 
and  the  drift  sand  removed  from  the  ditch  opposite  fronts  5  and  6. 
The  terreplein  sloi>e8  and  ramps  have  been  repaired,  from  time  to  time, 
as  required.  In  the  water  battery  and  covered  way  the  archjBS  of  fifteen 
casemates  have  been  partially  uncovered,  the  brick  work  removed,  and 
the  roofs  repaired.  The  sand  in  front  of  the  battery  has  been  removed,  and 
the  ground  graded.  A  portion  of  the  sustaining  wall  in  rear  of  two  plat- 
forms in  the  covered  way  has  been  taken  down  and  rebuilt.  Part  of  the 
stone  revetment  of  the  exterior  slope  of  the  covered  way,  opposite  front 
6,  has  been  repaired,  and  the  advanced  ditch  at  this  point  cleaned  out. 
The  terreplein  of  the  covered  way  has  been  regraded  and  covered  with 
gravel  for  its  whole  length.  The  bridge  over  the  sluiceway  opposite 
l*ont  6  has  been  rebuilt,  and  the  sluice-gate  taken  up  and  repaired.  The 
wooden  revetment  of  the  redoubt  has  been  repaired,  as  have  also  the 
fences  for  the  protection  of  the  glacis,  &c.  The  breakwater  opposite 
fronts  1  and  2  has  been  thoroughly  repaired,  and  a  portion  of  it  rebuilt. 
It  is  proposed  to  widen  the  terreplein,  increase  the  thickness  of  the  par- 
apets of  the  channel  fronts  of  the  main  work,  lay  down  barbette  plat- 
forms for  heavy  guns,  construct  traverses  and  service  magazines,  and 
remodel  and  finish  the  redoubt. 

Appropriation  asked  for  the  next  fiscal  year,  $150,000. 

Artesian  wellj  ■  Fort  Monroe^  Virginia^  in  charge  of  Colonel  Henry 
Bretcerton^  brevet  brigadier  general  United  States  Army, — During  the 
past  year  operations  were  continued  in  sinking  the  eight-inch  pipe  until 
the  lowest  section  of  the  pipe  separated  from  the  rest.  This  accident 
occurred  after  the  pipes  had  reached  a  depth  of  five  hundred  and  seven- 
teen feet  below  the  surface  of  the  parade  of  the  fort.  It  having  been 
found,  upon  examination,  that  a  pipe  of  five  and  a  half  inches  exterior 
diameter  could  be  passed  through  the  disjointed  pipe,  it  was  decided  to 
insert  within  the  eight-inoh  cast-iron  pipes  wrought-iron  tubes  of  four 
and  a  half  inches  interior  diameter,  with  screw  ends,  and  five  hundred 
and  eighty-five  feet  of  this  tubing  were  successfully  inserted.  At  the 
depth  of  five  hundred  and  seventy-four  feet  the  bottom  of  the  clay 
stratum  was  reached,  when  the  auger  passed  into  a  mixture  of  clay  and 
sand,  the  latter  material,  as  the  auger  descended,  being  nearly  ninety 
I)er  cent,  of  the  whole.  After  passing  into  the  sand  a  water-bearing 
stratum  was  reached,  which  yielded  a  limited  amount  of  saline  water, 
which,  when  left  undisturbed  for  twenty -four  hours,  rose  in  the  tubing 
to  a  height  of  four  feet  six  inches  above  the  level  ot  the  parade  of  the 
fort.    It  is  proposed  to  continue  the  operations  of  the  well  as  long  as 
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a  reasonable  prospect  exists  of  reaching  pure  water  within  a  moderate 
depth;  « 

Fort  Woolj  Hampton  BoadSj  VirginiOj  in  charge  of  Colonel  Henry 
Bretoertonj  brevet  brigadier  general  United  States  Army, — ^Operations 
have  been  confined  to  the  construction  of  the  magazines  of  the  first  tier* 
The  superstructure  of  the  magazine  at  the  capital,  including  filling 
rooms,  stairways,  and  passages,  has  been  finished,  and  ihe  arches  turned, 
The  first,  second,  third,  fourth,  and  fifth  courses  of  the  walls  of  the  mag- 
azine, in  rear  of  the  casemates  of  the  west  end,  have  been  laid,  as  have 
also  the  greater  portions  of  the  first  and  second  courses  of  the  super* 
structure  of  the  magazine  proper,  filling-rooms,  and  passage-ways.  The 
foundation  of  the  magazine  and  its  adjuncts  at  the  east  end  have  been 
laid.  It  is  proposed  to  expend  the  amouot  available  in  completing  the 
magazines,  &c.,  of  the  first  tier,  already  commenced,  and- other  portions 
of  the  work. 

No  appropriation  asked  for  the  next  fiscal  year. 

Korth  and  South  Carolina  and  Georgia, — ^The  works  for  the  defense  of 
Beaufort  and  the  mouth  of  the  Cape  Fear  Biver,  North  Carolina,  and  tiie 
defenses  of  Charleston,  South  Carolina,  and  Savannah,  Georgia,  remain 
very  much  as  they  have  been  for  several  years  past.  Nothing  beyond 
some  clearing  away  of  the  rubbish  has  been  undert^en  at  them  excepting 
some  repairs  of  existing  platforms  at  Fort  Pulaski.  It  is  desirable  that 
these  defenses  should  be  put  in  a  better  condition,  as  in  the  event  of  a 
foreign  war  the  harbors  and  ports  which  they  cover  would  invite  the 
presence  of  the  enemy  and  even  afford  hiin  shelter  and  security. 

Fort  Pulaski,  Savannah  River  j  Georgia^in  charge  of  Major  Q,  A.  Oillmore^ 
brevet  major  general  United  States  Army. — ^During  the  past  year  operations 
looking  to  the  mounting  of  the  armament  of  this  fort  were  commenced. 
The  work  consisted  of  brick  and  stone  masonry,  repairs  to  gun  platforms, 
the  taking  up  and  resetting  of  traverse  stones  and  rails  to  restore  the 
proper  radius  and  level,  the  thorough  repair  of  the  water  battery,  and 
the  construction  of  six  wooden  plattbrms  for  100-pounder  rifles.  During 
the  current  year  the  repairs  begun  will  be  continued  to  completion. 
The  magazine  in  the  water-battery  has  been  put  in  good  condition,  and 
the  thickness  of  its  earth  covering  suitably  increased. 

No  appropriation^  asked  for  the  next  fiscal  year. 

Fort  Clinchj  Amelia  Island^  Florida^  in  charge  qf  Captain  J.  W* 
Barlow y  brevet  lieutenant  colonel  United  States  Arwy.— Operations  have 
been  suspended  during  the  year  except  slight  repairs  made  by  the 
fort  keeper.  The  work  has  suffered  little,  though  a  few  important 
repairs  should  be  made  during  the  next  fiscal  year.  A  resumption  of 
active  operations  is  desirable  with  a  view  to  the  early  completion  of  the 
fort,  and  for  this  purpose  an  appropriation  is  recommended. 

Appropriation  asked  for  the  next  fiscal  year,  $60,000. 

Fort  Taylor,  Key  West,  Florida,  in  charge  of  CoUmet  J.  H,  Simpson* 
brevet  brigadier  general  United  States  Army,  and  Lieutenant  Colonel  CI. 
E.  Blunt,  brevet  colonel  United  States  Army.-^The  appropriation  having 
been  exhausted  operations  have  been  snsx)ended  during  the  year. 
Pintles  and  traverse  irons  for  barbette  platforms  have  been  ordered 
and  will  be  set  this  fall.  No  other  work  can  be  done  for  want  of  funds. 
For  the  continuation  of  the  work  on  the  cover-face,  counterscarp,  and 
sea-wall,  and  dredging  in  the  diteh  and  inner  channel  an  appropriation 
is  required. 

Appropriation  asked  for  the  next  fiscal  year,  $100,000. 

Fort  Jefferson,  Garden  Key,  Tortugas,  Florida,  in  charge  of  Colonel  «7. 
H.  Simpson,  brevet  brigadier  general  United  States  Army^  and  Lieutenant 
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CoUmd  0.  B.  BUumtj  Irwet  coUmA  United  SMe$  Army.— The  operatioM 
of  the  year  have  been  ceiiAiiedmaijalj  to  the  interior  finish  of  the  officers' 
quarters  and  soldiers'  barrackSi  one  section  of  eighteen  rooms  in  the  quar- 
ters having  been  essentially  finished.  Five  rooms  have  been  plastered  in 
the  soldiers'  barracks,  and  a  great  deal  of  flooring,  furring,  and  other 
woodwork  has  beenjput  in.  Sections  three  and  four  of  &e  barracks 
have  been  roofed  with  galvanised  iron.  Some  work  has  been  done  in 
the  ditch  in  excavating  sand,  setting  sluice-gates,  &o.  The  sand  removed 
has  been  put  outside  the  counterscarp,  and  on  the  parade  for  leveling. 
Inuring  the  fiscal  year  ending  June  30, 1870,  the  oiBcers'  quarters  and 
soldiers'  barracks  will  be  carried  as  far  as  possible  toward  comffletioni 
and  the  barbette  platforms  will  be  put  in  good  condition. 

Appropriation  asked  for  the  next  fiscal  year,  tS5^000. 

New  Fart  at  Tortugas. — ^The  commencement  of  this  work  will  be 
deferred  until  a  suitable  project  for  the  position  can  be  prepared. 

Ko  appropriation  asked  for  the  next  fiscal  year. 

Fort  Pickens^  Penaaaola  Harbor j  Florida^  in  charge  of  Mq/jar  F.  F,  Primes 
brevet  eoUmel  United  States  Army^  and  Captain  A.  j^.  Damrell^  brevet 
mofer  United  States  Army. — ^During  the  past  year  the  wharf  and  plank 
road  to  the  fort  have  been  completed ;  a  gun  platform  in  west  bastion 
prepared  and  the  gun  mounted :  platform  for  a  large  gun  in  southwest 
Dastion  partially  prepared :  wooaen  platforms  for  projectiles  constructed ; 
general  rexmirs  made,  and  railroad  from  central  bastion  to  southwest 
bastion  repaired  uid  extended.  Operations  proposed  for  the  present; 
year  comprise  the  removal  of  rubbish  and  repairs  of  cistern,  casemates, 
and  quarters. 

Appropriation  asked  for  the  next  fiscal  year,  (20,000. 

Fort  Barrancas  and  redaubt,  Pensacola  Harbor ^  •FhridUj  in  charge  of 
Mcgor  F.  E.  Prime^  brevet  coUmel  United  States  Armgy  and  Captain  A.  Jv. 
DamreUj  brevet  major  United  States  Army. — ^During  the  past  year  the 
fence  around  the  works  has  been  completed,  the  bridges  have  been 
repaired,  gratings  and  ventilators  have  been  put  in  the  magazines,  and 
general  repairs  made  in  masonry  and  wood-w(N:k.  The  proposed  opera- 
tions for  the  present  year  are,  cleaning  out  rubbish,  adjusting  slopes, 
and  general  repairs. 

No  appropriation  asked  for  the  next  fiscal  year. 

Fort  Morgan^  eastern  entrance  to  Mobile,  Bay^  Alabama^  in  charge  of 
Major  F,  E.  PrimCj  brevet  colonel  United  States  Armyy  and  Captain  A.  JV. 
Damrelly  brevet  major  United  States  Army. — ^During  the  past  year  the 
whai^has  been  repaired ;  demolition  of  the  citadel  continued^  portion 
of  the  slopes  graded  and  sodded;  breakwater  repaired  and  continued ; 
rubbish  removed  from  inside  of  work,  and  general  repairs  made.  It  is 
proposed  during  the  present  year  to  continue  general  repairs ;  move 
rubbish  from  inside  of  the  work ;  complete  the  demolition  of  the  citadel ; 
drain  the  parade ;  repair  the  wharf,  and  build  a  sea-wall  for  the  protec- 
tion of  the  site. 

Appropriation  asked  for  the  next  fiscal  year,  $50,000. 

Fort  Gaines  J  Dauphin  Island  j  Mobile  Bay,  Alabama^  in  charge  of  Major 
F.  E.  Primcj  brevet  colonel  United  States  Army^  and  Captain  A.  it.  JOam- 
reUy  brevet  mmor  United  States  Army. — At  this  work  during  the  last  year 
repairs  have  been  made  of.  wharf,  plank  walks,  and  builcQngs  inside  of 
fort;  slopes  and  ditch  partially  graded |  two  jetties  and  a  breakwater 
built;  cunette  excavated  in  ditch;  mam  drain  cleaned  out  and  ex 
tended.  The  proposed  operations  for  the  present  year  are,  completing 
shore  protection,  repairing  wharf,  grading  and  grassing  slopes,  putting 
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Qp  fence  to  preserre  slopes  from  catQe  and  hogs,  remoTing  old  earth 
and  timber  work  from  inside  of  fort,  and  general  repairs. 

Appropriation  asked  for  the  next  fiscal  year,  $60,000. 

Fort  Pike,  Bigolets  Pass,  Louisiana,  in  charge  of  Mqfor  and  Brevet  Brig- 
adier Oeneral  M.  D.  MeAleker,  Major  and  Brevet  Colonel  F.  E.  Prime,  Cap- 
tain 6.  J.  LydecJcer,  and  Captain  and  Brevet  Major  0.  W.  HotvelL — ^Tlus 
fort  is  in  good  condition  and  only  in  need  of  slight  repairs,  with  excep- 
tion of  the  glacis  along  the  Bigolets.  This  has  been  greatly  damaged 
by  being  partially  washed  away.  No  work  was  done  last  year.  Daring 
tiie  current  year  it  is  proposed  to  restore  the  glacis  to  its  original  con- 
dition. 

No  appropriation  asked  for  the  next  fiscal  year. 

Fort  Macomb,  Chef  Menteur  Pass,  Louisiana,  in  charge  of  Major  and 
Brevet  Brigadier  OenenU  M,  D.  McAlester^  Major  and  Brevet  Colonel  F,  E, 
Prims,  Captain  6.  J.  Lydeeker,  and  Captain  and  Brevet  Major  C  W.  How- 
ell.— ^The  general  condition  of  this  fort  is  good.  No  work  was  done 
during  the  past  fiscal  year.  It  is  proposed  daring  the  current  fiscal 
year  to  remove  the  old  bridges  across  the  moat  and  supply  their  places 
by  new  ones.  It  is  also  proposed  to  make  general  repairs  to  the  work 
and  quarters. 

No  appropriation  asked  for  the  next  fiscal  year. 

Battery  Bienvenue,  Lake  Borgne,  Louisiana,  in  charge  of  Major  and 
Brevet  Brigadier  Oeneral  M.  D.  McAlesier,  Major  and  Brevft  Colonel  F,  E. 
Prime,  Captain  6.  J,  Lydecker,  and  Captain  and  Brevet  Major  C.  W. 
Howell. — ^This  work  is  in  very  bad  condition  ;  the  brick  work  is  well 
preserved ;  the  stockade  ruined  ]  the  bridge  dilapidated ;  the  quarters, 
magazine,  and  cisterns,  require  repair. 

Appropriation  asked  for  the  next  fiscal  year,  $13,400. 

Fort  Jackson,  Mississippi  River,  Louisiana,  in  charge  of  Major  and 
Brevet  Brigadier  Oeneral  if.  D.  McAlester,  Major  and  Brevet  Colonel  F.  E. 
Prime,  Captain  O,  J".  Lydecker,  and  Captain  and  Brevet  Major  0.  W. 
Hovcell. — ^The  general  condition  of  the  work  is  good.  During  the  year 
but  little  work  has  been  done;  some  slight  repairs  and  putting  up  new 
lightning  rods  over  magazines  being  all.  During  the  next  year  it  is  pro- 
posed to  erect  a  storage  magazine  and  thoroughly  repair  the  masonry, 
drains,  and  slopes  of  tiie  fort  and  outworks,  and  make  slight  repairs  to 
engineer  buUdings. 

Appropriation  asked  for  the  next  fiscal  year,  $76,000. 

Fort  St.  Philip,  Mississippi  River,  Louisiana^  in  charge  of  Major  and 
Brevet  Brigadier  Oeneral  M.  D.  McAlester,  Major  and  Brevet  ColoneVF.  E. 
Prime,  Captain  O.  J.  Lydecker,  and  Captain  and*  Brevet  Major  C.  W, 
Howell. — ^is  work  is  in  serviceable  condition.  The  magazines  are 
subject  to  overflow  at  extraordinary  high  water  of  the  Gulf.  No 
work,  with  the  exception  of  slight  repairs,  was  done  during  the  past 
fiscal  year.  During  the  current  fiscal  year  it  is  proposed  to  modify  and 
repair  the  service  magazine  in  the  upper  battery;  to  make  general 
repairs,  and  to  construct  a  storage  magazine  with  service  magazines 
in  connection  therewith. 

Appropriation  asked  for  the  next  fiscal  year,  $110,000. 

Fort  Livingston,  Barataria  Bay,  Louisiana,  in  charge  of  Major  and 

f^Tfivet  Briaadier  Oeneral  M.  D.  McAlester,  Major  and  Brevet  Colonel  F.  E. 

Witt  a.  J.  Lydecker,  and  Captain  and  Brevet  Major  C.  W. 

^i^ndition  of  the  work  is  fair.    No  work  was  done 

^d  none  is  at  present  contemplated  during  the 

1  for  the  next  fiscal  year. 
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Fart  at  Fort  Pointy  entrance  to  San  Francisco  Harbor.  California^  in 
charge  of  Major  Oeorge  H.  Elliot. — ^The  sea-wall,  six  hundred  feet  long, 
designed  to  protect  the  proposed  eastern  barbette  battery,  was  com- 
pleted daring  the  last  winter.  The  ground  in  rear  of  this  wall  has  been 
filled  flush  with  the  copingj  and  a  pavement  of  dry  stones  has  been  laid 
for  a  distance  of  thirty  feet  in  rear  of  the  wall.  The  pile  wharf,  the 
roadways,  the  quarters,  stables,  and  storehouses,  have  been  kept  in 
repair.  The  iron  work  of  the  embrasures,  the  railings  and  stairways 
have  been  scraped  clean  of  rust  and  have  been  painted.  A  thorough 
repair  of  quarters  for  officers  and  men  has  been  undertaken  and  will  be 
finished  early  in  the  present  fiscal  year.  An  apron  of  masses  of  rock, 
from  ten  to  fifteen  tons  weight,  has  been  commenced  in  front  of  the 
channel  sides  of  the  fort  to  prevent  the  wearing  of  the  beach.  A  series 
of  experiments  with  the  cements  and  limes  obtainable  on  the  Pacific 
coast,  and  with  the  building  sands  obtained  in  San  Francisco  Harbor, 
has  been  commenced. 

Appropriation  asked  for  the  next  fiscal  year,  $200,000. 

Fort  at  Lime  Pointy  San  Francisco  Harbor ^  Calif  omia^  in  charge  of  Major 
Oeorge  H.  Mendellj  brevet  colonel  United  States  Army, — During  the  fiscal 
year  two  large  blasts  have  been  exploded  at  Lime  Point.  The  first  took 
place  on  the  24th  October,  1868,  and  contained  nearly  twenty  four 
thousand  pounds  of  mortar  and  cannon  powder.  The  second,  of  sixteen 
thousand  five  hundred  pounds  of  powder,  in  three  charges,  was  exploded 
on  the  17  th  April.  The  gross  effect  of  these  two  explosions  was  the 
removal  of  abojqt  ninety  thousand  cubic  yards  of  rock.  A  tunnel  with 
two  chambers,  of  capacity  of  six  thousand  pounds  each,  is  ready  for 
loading.  Seventy-five  thousand  cubic  yards  of  rock  have  been  removed 
from  the  site  during  the  year,  to  an  average  distance  of  eighty  fe^t. 
Operations  were  susi>ended  during  four  months  out  of  the  twelve.  The 
fence,  three  miles  in'  length,  separating  the  public  land  from  that 
adjoining,  which  was  commenced  in  the  previous  fiscal  year,  was  finished 
in  July.  During  the  next  year  it  is  proposed  to  continue  the  rock  exca- 
vation, construct  a  battery  on  Point  Cavallo,  and  emplacements  for 
guns  and  mortars  on  the  hills  above  Lime  Point,  with  the  necessary 
roads. 

Appropriation  asked  for  the  next  fiscal  year,  $200,000. 

Fortifications  at  Alcatraz  Island^  San  Francisco  Harbor ^  California,  in 
charge  of  Major  Oeorge  H.  Elliot^  brevet  colonel  United  States  Army. — 
Operations  during  the  past  year  have  consisted  in  excavating  the  rocky 
slopes  in  rear  of  batteries  2  and  3 ;  in  repairing  public  property ;  paint- 
ing the  magazine  roofs,  the  schooner,  and  the  oi&ce,  and  in  other  mis- 
cellaneous work.  About  four  thoui^and  yards  of  rock  have  been  exca^ 
vated  and  thrown  over  the  scarp  walls.  The  earthy  product  of  the  exca- 
vation ifi  saved  for  future  use.  It  is  proposed  to  remove  the  ridge  of 
the  island,  leveling  it  to  a  plane  ]  give  the  necessary  increase  of  thick- 
ness to  the  parapets,  and  introduce  additional  traverses  with  magazines 
and  bomb-proofs. 

Appropriation  asked  for  the  next  fiscal  year,  $100,000. 

Bef ernes  at  the  mouth  of  the  Columbia  River^  Oregon^  in  charge  of  Major 
Oeorge  H.  Mendellj  brevet  colonel  United  States  Army. — During  the  year 
extensive  repairs  were  made  on  Fort  Stevens.  The  scarp  revetment, 
which  was  much  decayed,  was  removed,  and  the  exterior  slope  of  the 
parapet  extended  to  the  bottom  of  the  ditch.  It  was  faced  with  plank 
to  protect  the  lower  part  of  the  slope  from  washing  where  it  is  reached 
by  the  water  of  the  ditch.  A  covered  way  with  parapet  arranged  for 
infantry  fire  was  constructed  along  the  counterscarp.     The  wooden 
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magazines  at  Gape  Disappointment  exhibit  signs  of  decay.    Arrange 
ments  have  been  made  to  construct  a  fire-proof  powder-hoase  for  storage 
of  powder.    The  condition  of  the  works  both  at  Fort  Stevens  and  Gape 
Disappointment  is  good. 
No  appropriation  asked  for  the  next  fiscal  year. 

BATTALION  OF  ENGINEERS  AND  DEPOTS. 

Battalion  of  engineers,  commanded  by  Major  Henry  L,  Abboty  brevet 
brigadier  general  United  States  Army,  headquarters  Willefs  Pointy  New 
York  Harbor. — The  strength  of  the  five  companies  constituting  the  bat- 
talion of  engineers,  on  the  30th  of  June,  1869,  was  23  officers  and  634 
enlisted  men.  116  recruits  were  needed  to  complete  the  organization. 
The  companies  of  the  battalion  were  stationed  and  commanded  as  fol- 
lows :  At  Willet's  Point,  New  York  Harbor,  company  A,  Captain  A. 
Mackenzie ;  company  B,  Captain  A.  H.  Bumnam,  brevet  major  United 
States  Army ;  company  C,  Captain  O.  H.  Ernst.*  At  Yerba  Buena 
Island,  California,  company  D.  Captain  S.  M.  Mansfield,  brevet  lieu- 
tenant colonel  United  States  Army.  At  Jefferson  Barracks,  Missouri, 
company  E,  Captain  P.  C.  Hains,  brevet  lieutenant  colonel  United 
States  Army. 

A  detachment  from  companies  A,  B,  C,  and  E,  under  the  command 
of  First  Lieutenant  C.  B.  Sears,  served  at  the  United  States  Military 
Academy  for  the  purpose  of  aiding  in  the  instruction  in  practical  engi- 
neering. A  detaehment  of  38  men,  under  the  command  of  First  Lieu- 
tenant Thomas  Turtle,  were  engaged  from  ApriL  1869,  upon  the  survey 
of  the  battle  field  of  Gettysburg ;  and  small  detachments  were  made 
from  time  to  time  from  the  post  in  the  west  for  other  duties. 

The  troops  at  the  several  posts  have  been  carefully  instructed  in  the 
infantry  tactics^  both  practically  and  theoretically,  and  in  the  drills 
peculiar  to  their  special  arm  of  the  service,  and  have  accomi)lished  a 
large  amount  of  work  in  the  construction  of  the  buildings  and  prepara- 
tion of  the  grounds  at  the  depots  established  for  them.  Theoretical 
instruction  for  the  men,  as  directed  in  General  Orders  No.  56,  of  1866, 
has  been  continued,  with  considerable  interest  manifested,  and  encour- 
aging progress  made ;  and  the  original  intention  of  making  tlie  service 
with  the  battalion  a  school  of  practice  for  the  officers  on  duty  with  it 
has  been  kept  steadily  in  view  in  the  methods  of  instruction  marked 
out.  With  the  sanction  of  the  Secretary  of  War  the  duty  of  experi- 
mentally developing  a  torpedo  system  as  an  accessory  of  the  permanent 
sea-coast  defenses  was  devolved  upon  the  battalion  of  engineers,  under 
the  direction  of  the  board  of  engineers  for  fortifications,  by  instructions 
from  this  office  in  May  last. 

I  would  again  recommend  that  two  principal  musicians  should  be 
allowed  to  the  non-commissioned  staff  of  the  battalion ;  that  the  seventh 
section  of  the  act  of  July  13, 1866,  taking  ftx)m  engineer  soldiers  the  per 
diem  x)aid  to  other  soldiers,  when  engaged  on  continuous  labor,  should 
be  repealed  5  because  the  effect  of  this  law  is  to  make  the  pay  of  engi- 
neer soldiers  much  less  than  that  given  to  other  troops  when  engaged  on 
extra  duty,  works  an  injustice  to  the  men,  and  excludes  a  class  of  re- 
cruits from  their  ranks  which  the  interests  of  this  special  arm  of  the 
service  requires  should  be  enlisted.  With  this  law  repealed,  the  engi- 
neer soldier  will  be  replaced  upon  the  same  footing  as  the  other  troops 
of  the  service.  I  would  also  renew  my  recommendation  that  an  appro- 
priation of  $1,000  be  made  to  purchase  the  stock  out  of  which  siege  and 
trench  materials  are  fabricated  for  the  instruction  of  the  troops  at  Wil- 
let^s  Point 
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Engineer  post  and  depot  at  WiUefs  Pointy  New  York  Harbor^  oom- 
man€kd  bg  MnQor  Henry  L.  Abboty  brevet  brigadier  general  United  States 
Army. — ^This  point  was  selected  in  1865  as  the  beadqaarters  of  the  bat- 
talion of  engineers,  and  as  the  depot  for  the  storage  of  the  engineer  mate- 
rial used  on  the  Atlantic  seaboard.  The  property  is  stored  in  one  large 
shed,  260  feet  long  by  37  feet  wide,  constructed  for  the  purpose,  and  in 
eight  temporary  l^ildings  made  for  the  Grant  General  Hospital  in  the 
late  war.  The  tools  are  sold  for  use  on  the  different  works  in  charge  of 
officers  of  the  corps  as  called  for.  The  larger  part  of  the  bridge  equipage 
of  the  army  is  preserved  at  this  place,  from  which  other  depots  are  sup- 
plied, according  to  the  necessities  of  the  service. 

Since  the  date  of  my  last  report  the  x>6nnanent  hospital  then  under 
construction,  with  funds  furnished  by  the  Quartermaster's  Department| 
has  been  completed,  excepting  the  plumbing ;  and  an  old  building  has 
been  remodelled,  for  officer's  quarters,  by  the  labor  of  the  garrison,  and 
witli  funds  furnished  by  the  same  department. 

Much  has  been  done  at  the  depot  during  the  past  year  in  preparing 
experimental  carriages,  &c.,  for  the  board  of  engineers  convened  to  re- 
port upon  the  military  bridge  equipage  of  the  army. 

An  appropriation  of  $45,000  is  recommended  for  the  erection  of  per- 
manent barracks  for  officers  and  men,  which  are  much  needed,  the  old 
temporary  buildings  used  for  quarters  and  barracks  having  gone  very 
much  to  decay. 

Engineer  post  and  dqpot  at  Jefferson  BarraekSy  Missouri^  commanded  by 
Captain  P.  V.  SainSj  brevet  lieutenant  colonel  United  States  Army. — ^During 
the  pa^t  year  the  work  of  altering  and  repairing  the  north  row  of  sol- 
diers' quarters,  with  a  view  to  making  storehouses  for  engineer  prop- 
erty, has  been  carried  out.  the  buildings  nearly  finished,  and  most  of  ths 
material  of  the  post  careiully  stored  away  in  them. 

The  work  of  fitting  the  bridge  ^train  has  been  commenced  and  is  well 
advanced. 

The  work  of  preparing  the  quarters  for  the  command  is  progressing 
satisfactorily ;  about  one  half  of  the  fence  at  the  northern  boundary  has 
been  put  up,  the  finishing  of  the  entire  inclosure  of  the  engineer  reserva- 
tion being  delayed  only  to  determine  accurately  the  position  of  the  line 
of  the  west  boundary. 

The  post  of  Jefterson  Barracks  was  transferred  to  the  corps  of  engi- 
neers, under  the  operation  of  General  Orders  No.  9,  dated  headquarters 
military  division  of  the  Missouri,  October  21, 1867,  and  the  agreement 
to  pay  to  the  Quartermaster's  Department  $20,000  for  the  property.  As 
by  the  act  of  March  2, 1867,  but  one-half  of  the  sum  appropriated  for 
the  quarters  at  Jefferson  Barracks  could  be  expended,  a  further  appro- 
priation of  $10,000  is  necessary  to  complete  the  agreement  with  the 
Quartermaster's  Department.  For  the  construction  of  four  cisterns  to 
hold  drinking  water  for  the  commaud  a  sum  of  $1,000  is  necessary. 

The  appropriation  of  the  several  amounts  named  is  recommended. 

Engineer  post  and  depotj  Yerba  Buena  Island^  California,  commanded  by 
Captain  S.  if.  Mansfield^  brevet  lieutenant  colonel  United  States  Army. — ^At 
the  date  of  my  last  rc^mrt,  little  .had  been  done  towsud  the  establish- 
ment of  this  depot,  and  the  command  was  encamped  upon  the  island. 

At  the  close  of  the  fiscal  year  there  had  been  constructed,  almost 
exclusively  by  the  labors  of  the  garrison,  the  necessary  barracks  for 
officers  and  men,  a  guardhouse,  hospital,  and  quarters  for  laundresses. 
A  substantial  wharf,  325  feet  in  length,  was  also  built;  with  a  view  of 
obtaining  a  supply  of  drinking  water,  a  tunnel  178  feet  in  lengtti  had 
been  driven  into  the  side  of  the  hill,  and  it  is  expected  a  good  supply 
will  be  obtained  after  driving  it  a  short  distance  further. 
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A  canvas  pontoon  train,  with  a  supply  of  engineer  tools,  had  been 
received.  A  military  survey  of  the  island  by  the  garrison,  for  the  pur- 
pose of  fortifications,  was  well  advanced,  under  the  immediate  instruc- 
tions of  the  board  of  engineers  for  the  Pacific  coast. 

RIVEE    AND    HARBOR    IMPROVEMENTS, 

The  balances  of  the  appropriations  for  the  improvement  of  rivers  and 
harbors,  approved  June  23, 1866,  and  March  2, 1867,  remaining  on  hand 
July  1, 1868,  have  been  applied  to  continuing  the  works  of  improvement 
referred  to  in  the  last  annual  report. 

The  appropriation  of  $1,500,000,  approved  July  25, 1868,  for  the  "  re- 
pair, preservation,  extension,  and  completion  of  certain  public  works  on 
rivers  and  harbors,"  &c.,  was  distributed  with  the  sanction  of  the  Secre- 
tary of  War. 

In  addition  to  the  list  of  works  specified  in  my  report  of  October  20, 
1868,  there  has  been  allotted  fix)m  this  appropriation,  as  follows :  Har- 
bor at  mouth  of  Genesee  River,  $1,100;  harbor  at  oaugatuck,  Michi- 
gan, $23,900 ;  which  absorb  the  entire  appropriation. 

The  officers  in  charge  of  the  works  were  notified  of  the  respective 
allotments,  and  were  directed  to  apply  the  moneys  thus  appropriated  to 
carrying  on  the  improvements  in  accordance  with  the  approved  and 
authorized  plans. 

By  an  act  approved  April  1 0, 1869,  two  millions  of  dollars  were  ap- 
propriated for  "  the  fiscal  year  ending  June  30, 1869,  and  the  year  end- 
ing June  30, 1870,  to  be  expended  for  the  repair,  extension,  preservation 
and  completion  of  works  for  the  improvement  of  rivers  and  harbors, 
under  the  direction  of  the  Secretary  of  War,''  &c.  This  sum  has  been 
distributed  as  follows : 

Superior  City  Harbor $44, 550  00 

Marquette  Harbor 26,  730  00 

Green  Bay  Harbor 44, 550  00 

Manitowoc  Harbor 17, 820  00 

Milwaukee  Harbor : 35, 640  00 

Eacine  Harbor 22, 275  00 

Kenosha  Harbor 5, 346  00 

Chicago  Harbor 29, 700  00 

Michigan  City  Harbor 31,185  00 

Saugatuck  Harbor 6, 039  00 

White  Eiver  Harbor 44,550  00 

Pentwater  Harbor 17, 820  00 

Pfere  Marquette  Harbor 31, 185  00 

Aux  Bees  Scies  Harbor 29, 318  85 

Cleveland  Harbor 13,380  00 

Conneaut  Harbor , 8, 910  00 

Erie  Harbor 22,275  00 

Buffalo  Harbor 89, 100  00 

Oswego  Harbor 22, 275  00 

Boston  Harbor 82, 170  00 

Provincetown  Harbor 8, 910  00 

Sheboygan  Harbor 14, 850  00 

An  Sable  Harbor 2, 970  00 

Grand  Haven  Harbor , 1, 866  15 

St-Mary's  River... 10,692  00 

Kennebec  Eiver 14, 850  00 

SacoEiver 22,275  00 

HudsonEiver 89,100  00 
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Willamette  River $13,365  00 

Tennessee  Elver 40, 095  00 

Upper  Mississippi  Eiver 35, 640  00 

Month  of  Mississippi  River 64, 350  00 

Susquehanna  River 990  00 

Patapsco  River 26, 730  00 

Illinois  River 84,150  00 

Genesee  River  ...  - 1,000  00 

East  River 178,200  00 

Great  Brewster  Island 24, 750  00 

St.  Clair  Flats 142,560  00 

FaUs  of  the  Ohio 1 78, 200  00 

Des  Moines  Rapids 178,200  00 

Rock  Island  Rapids 133, 650  00 

Little  Sodus  Bay 1,000  00 

MaumeeBay 29, 700  00 

BlossomRock 29, 700  00 

A  summary  is  submitted  herewith,  showing  the  progress  made  at 
eaeh  of  the  localities  on  the  works  of  improvement ;  amounts  of  money 
expended  during  the  fiscal  year ;  amounts  available  July  1, 1869,  for 
each  work,  from  the  several  appropriations  and  allotments ;  and  amounts 
required  to  be  appropriated,  which  can  be  profitably  expended  during 
the  next  fiscal  year. 

An  accompanying  appendix  contains  the  reports  of  the  engineers  in 
charge  of  the  improvements. 

HARBORS  ON  LAKE  SUPERIOR,  AND  ON  THE  VTEST  AND  SOUTH  SHORES 

OF  LAKE  MICHIGAN. 

Officer  in  charge,  Brevet  Colonel  J.  B,  Wheeler,  Major  corps  of  engi- 
neers, having  under  his  orders  the  following  officers  : 

Captain  D.  P.  Heap,  corps  of  engineers,  special  superintendent  for 
the  harbors  of  Kenosha,  Chicago,  Michigan  City,  and  I^jbw  Buffalo^  sta- 
tion, Chicago.  * 

Captain  J.  W.  Cuyler,  corps  of  engineers,  special  superintendent  of 
the  harbors  of  Superior  City,  Ontonagon,  and  Eagle  Harbor;  station, 
Ontonagon. 

Assistant,  W.  H.  Hearding,  special  superintendent  for  the  harbors  of 
Marquette,  Green  Bay,  Manitowoc,  Sheboygan,  Milwaukee,  and  Eacine; 
station,  Milwaukee. 

Assistant,  W,  T.  Casgrain,  in  charge  of  surveys  and  preparation  of 
maps  and  other  duties  connected  with  surveys  of  harbors;  station,  Mil- 
waukee.— (See  Appendix  A.) 

1.  Superior  City  Harbor^  Wisconsin — Lake  Superior, — ^TTnder  the  appro- 
priation of  1867  the  pier  was  commenced,  starting  from  Minnesota  Point; 
768  running  feet  were  built  during  the  fiscal  year  ending  June  30,  1868. 
During  the  remainder  of  1868,  330  running  feet  of  pier  were  added, 
making  a  pier  about  1^100  feet  long.  The  payments  for  the  work  ex- 
hausted the  appropriation.  In  May,  1869,  an  allotment  of  $45,000  was 
made  to  be  expended  upon  this  harbor.  The  work  was  put  under  con- 
tract without  delay,  and  on  the  15th  of  June  the  first  crib  on  the  eastern 
side  was  placed,  forming  the  beginning  of  the  pier  from  Wisconsin  Point. 
A  wing  dam  178  feet  long,  of  timber  filled  with  brush,  slabs,  and  stone, 
was  built,  connecting  this  crib  with  the  shore.  This  structure  is  intended 
to  prevent  the  current  from  passing  between  the  crib  and  Wisconsin 
Point,  and  make  it  flow  out  between  the  piers.    The  little  work  already 
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done  has  hsA  a  very  beneficial  effect  upon  the  channel^  both  in  deepen- 
ing and  straightening  it^  especially  over  the  outside  bar.  The  vork 
ahonld  not  be  allowed  to  remain  in  an  unfinished  condition. 

Appropriated  for  the  iraproyement  of  this  harbor  in  1807.  $63 j  000  00 
AUotted  irom  appropriation  of  1869 45, 000  00 

Total 108, 000  00 


•^ 


Of  which  amount  there  was  unexpended  on  June  30, 1869.     $45, 712  85 

Amount  estimated  for  completion 155, 300  00 

Amount  required  for  next  fiscal  year 75, 000  00 


2.  Ont{magon  Harbor ^  Michigan — LaJce  Superior. — The  last  annual 
report  stated  that  449  running  feet  of  pier  had  been  built  during  the 
fiscal  year  ending  June  30, 1868.  Since  that  time  the  pier  has  been 
extended  900  feet,  making  1,350  feet  of  pier  on  the  eastern  side;  455 
piles  that  obstructed  the  entrance  have  been  removed,  and  270  feet  of 
the  western  pier  repaired  and  built  up.  There  still  remain  not  less 
than  two,  and  probably  five,  sunken  cribs  in  the  harbor  that  must  be 
removed  in  order  to  give  a  safe  entrance  to  vessels  sailing  to  and  from 
this  p  a'fee.  A  contract  has  been  made  with  B.  P.  Prince  to  remove  these 
cribs  for  the  sum  of  $3,00(X  but  this  work  is  not  begun,  as  the  unex- 
pended balance  is  required  tor  repairing  the  west  pier  and  deepening  the 
channel. 

There  was  appropriated  in  1867  for  the  improvement  of 

this  harbor |97, 600  00 

Of  which  amount  there  was  on  hand  June  30, 1869 9, 731  94 

Amount  estimated  for  completion 238, 780  00 

Amount  required  for  next  fiscal  year 80, 000  00 


3.  Ea^fle  Harbor j  Michigan — LaJce  Superior. — A  contract  was  made  on 
the  10th  of  Augtist,  1867,  with  David  Quiun,  of  Chicago,  to  remove  this 
rock  at  the  rate  of  fifty-eight  dollars  ($58)  per  cubic  yard^  the  work  to  be 
completed  on  the  1st  of  October,  1868.  Mr.  Quinn  failed  m  his  work.  A 
special  report,  giving  all  the  facts  in  the  case,  will  be  found  in  Appendix 
A  1.  After  due  notice  given  a  contract  was  made  on  the  26th  of  Janu- 
ary, 1869,  with  George  W.  Townsend,  of  Boston,  for  removing  this  rock 
at  the  rate  of  forty  dollars  ($40)  per  cubic  yard.  Work  was  commenced 
early  in  June,  and  during  that  month  seventy -three  cubic  yards  were 
removed.  The  contractor  was  sanguine  of  success  and  hoped  to  make 
rapid  progress  towards  completion  this  season. 

There  was  appropriated  in  1867 $65, 000  00 

Of  which  amount  there  was  on  hand  on  the  30th  of  June, 

1869. 44,253  33 

Amount  estimated  for  removal  of  rock  alone,  (see  report  of 

1868 ) 195, 588  00 

Amount  required  for  next  fiscal  year 100, 000  00 


4.  Marquette  Harbor j  Michiga/n — LaJce  Superior. — ^There  had  been  fin- 
ished on  the  30th  of  June,  1868,  the  date  of  the  last  annual  report ,  310  run* 
ning  feet  of  breakwater.  During  the  past  fiscal  year  450  feet  have  been 
built,  making  760  feet  in  all.  This  amount  being  all  that  was  required  of 
the  contractor,  the  work  was  re-advertised  and  let  to  the  lowest  bidder,  viz : 
Hart  &  Jennings,  of  New  York,  who  are  under  bonds  to  build  not  less 
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than  200  feet  during  the  present  season.  This  will  make  960  feet^  or 
nearly  one-half  of  the  proposed  work.  The  effect  of  this  breakwater  is 
sensibly  felt  in  heavy  weather,  and  it  is  to  be  hoped  that  greater 
efficiency  may  be  given  by  adding  to  the  pier  during  the  year  1870. 

There  was  appropriated  in  1867 $86,000  00 

There  was  allotted  from  the  appropriation  of  1869 27, 500  00 

Total 112,000  00 

Of  which  amount  there  was  unexpended  on  Jane  30, 1869 .    $56, 074  05 

Amount  estimated  for  completion - 273, 130  00 

Amount  required  for  next  Ascal  year 91,000  00 


5.  Oreen  Bay  Harbor ^  Wiwanrin — Lake  Michigan. — ^The  work  of  the 
past  season  has  been  entirely  confined  to  excavating  the  new  cut,  and 
the  amount  of  material  removed,  measured  in  scows,  during  the  fiscal 
year  ending  June  30, 1869,  numbers  77,822  cubic  yards.  A  second  dredg- 
ing machine  has  been  hired  to  begin  work  by  the  middle  of  August,  1869. 
The  two  machines,  with  favorable  weather,  should  be  able  to  finish  the 
cut  this  season.  Contracts  were  made  with  Smoke  &  Schuette,  of  Man- 
itowoc, who  were  the  lowest  bidders,  for  protecting  the  cut  through  Grass 
Island  by  close  piling.  It  is  proposed  to  build  about  600  feet  of  this  pro- 
tection  work  this  ^ason  and  notice  the  results.  It  may  be  possible^ 
judging  from  the  action  of  the  water  during  the  past  two  years,  that  no 
further  protection  will  be  required.  If  such  should  not  be  the  case  the 
estimate  for  completion  must  be  increased  in  amount. 

There  was  appropriated  for  the  improvement  of  this  harbor 

in  1866 : $30,500  00 

Appropriated  in  1867 45,000  00 

Allotted  from  appropriation  of  1868 17, 500  00 

Allotted  from  appropriation  of  1869 45, 000  00 

Total 138,000  00 

Of  which  there  was  unexpended  on  the  30th  of  June,  1869 . .    $56, 526  87 

Original  estimate  of  completion 155, 416  77 

Bequired  for  completion  and  for  the  next  fiscal  year 17, 500  00 


6.  Manitowoc  Harbor^  Wisconsin — Lake  Michigan. — On  the  30th  of  June, 
1868,  the  condition  of  the  work. done  was  as  follows:  866  lineal  feet  of 
pier  on  the  north  side  in  a  finished  state,  416  feet  of  pier  on  south  side 
built  to  the  surface  of  the  water,  and  130  feet  of  close  piling  forming  a 
connection  with  the  shore  and  inner  end  of  north  pier.  Baring  the  fiscal 
year  ending  June  30, 1869,  64  feet  were  added  to  the  north  pier,  320  feet 
added  to  the  soath  pier,  the  pier  built  to  the  surface  of  the  water,  as 
reported,  was  finished,  and  33,064  cubic  yards  of  material  removed  firom 
the  channel.  The  whole  pier  work  on  the  30th  of  June,  1869,  is  as  fol- 
lows: 

Kew  work  on  north  side,  running  feet 864 

Bepairs  of  old  work,  north  side,  runningfeet 66 

Close  piling,  joining  the  shore,  running  feet 130 

Kew  work  on  south  side,  running  feet 736 

Total  running  feet 1, 796 
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Contracts  have  been  made  for  prosecuting  the  work  vigorously  to  the 
extent  of  the  means  in  hand,  and  64  feet  of  pier,  built  to  the  water^s  sur- 
face, have  been  added  to  the  south  pier.  It  is  expected  that  200  feet  will 
be  added  to  this  pier  this  season,  and  that  the  channel  will  be  opened  to 
the  depth  of  12  feet. 

There  was  appropriated  for  the  use  of  this  harbor  in  1866.  $52, 000  00 

Appropriated  in  1867 J 46, 000  00 

Allotted  from  appropriation  of  1868 17, 500  00 

Allotted  from  appropriation  of  1869 ! 18, 000  00 


• 


Total 132,500  00 


X 


Of  which  there  was  unexpended  June  30, 1869 |20, 261  65 

Original  estimate  of  completion 141, 747  82 


In  this  estimate  the  amount  for  dredging  was  too  small,  and  no  allow- 
ance was  made  for  repairs  upon  the  old  work  that  had  to  be  made  in 
order  to  secure  the  new  work.  Supplying  this  deficiency  the  estimate  of 
the  amount  for  completion  and  required  for  use  during  the  next  fiscal 
year  should  be  131,000. 

7.  Sheboygan  Harbor^  Wisconsin — Lake  Michigan. — The  work  of  1868 
was  confined  to  supplying  the  ballast  that  had  settled  in  the  cribs  and 
dredging  in  the  channel  between  the  piers  and  entrance  to  the  harbor, 
amounting  to  148 J  cords  of  stone  for  the  cribs,  and  removing  9,034  yards 
of  earth  and  sand  from  the  channel.  A  contract  has  been  made  with  H. 
Barrett,  of  Sheboygan,  to  place  this  season  not  less  than  five  cribs  in 
extension  of  south  pier.  This  will  be  done  unless  prevented  by  causes 
not  now  foreseen. 

There  was  appropriated  in  1866 |47, 598  91 

There  was  appropriated  in  1867 8, 000  00 

Allotted  from  appropriation  of  1869 15, 000  00 

Total 70, 598  91 

Of  which  there  was  unexpended  on  the  30th  of  June,  1869.  |18, 051  13 

Amount  of  estimate  in  1868 49, 000  00 

Amount  required  for  next  fiscal  year  to  complete  the  work 

recommended 34, 000  00 


8.  Milwaukee  SarboVj  Wisconsin — Lake  Michigan. — ^During  the  past 
year  200  running  feet  of  pier  work  was  added  to  the  north  pier  and  100 
feet  to  the  south,  making  300  feet  in  all.  Two  dredging-machines  were 
employed  in  the  fall  of  1868  to  deepen  the  channel  over  the  bar  at  the 
entrance,  being  employed  thirty-five  days.  This  season  the  city  authori- 
ties have  employed  the  dredges  to  continue  the  work  and  also  to  dredge 
between  the  piers.  It  is  proposed  to  add  50  feet  to  the  north  pier  and 
150  feet  to  the  south  pier,  200  feet  in  all,  this  season.  This  can  be  built 
with  the  balance  on  hand.  This  harbor  was  mainly  built  by  the  city 
authorities  during  the  years  1854, 1855, 1856,  and  1857,  and  the  necessity 
for  a  renewal  of  a  great  portion  of  the  structure  above  water,  at  no  far 
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distant  day,  is  apparent.    In  the  following  estimates  $10,000  are  included 
for  this  purpose :    . 

There  was  appropriated  for  the  improvement  of  this  harbor 

in  1 866 $48, 283  51 

Allotted  from  appropriation  of  1869 36, 000  00 

Total 84,283  51 

Of  which  amount  there  was  unexpended  on  June  30, 1869.  $51, 774  08 

The  amount  required  to  complete  the  improvement  recom- 
mended in  previous  report $44, 000  00 

For  repairs  of  old  work 10, 000  00> 

Bequired  for  next  fiscal  year 54, 000  00 


9.  Bacme  Harbor ^  Wiscamin — Lake  Miehigan.-^jyvaing  the  fiscal  year 
96  feet  were  added  to  the  north  pier,  and  the  entire  north  pier,  left  unfin- 
ished, was  built  up.  Work  was  commenced  this  season  to  repair  the  old 
south  pier  and  dredge  the  channel  between  the  piers.  These  repairs 
consist  in  tearing  away  the  rotten  timbers  above  the  surface  of  the  water, 
replacing  them  by  new  ones,  and  sheath-piling  the  outside  of  each  crib 
to  prevent  the  flow  of  sand  through  the  intervals  into  the  harbor.  This 
will  be  completed  this  season,  and  if  the  south  pier  could  be  carried  out 
as  far  as  the  north  pier  there  is  reason  to  believe  this  harbor  would 
remain  in  good  condition  until  the  lake-drift  or  accretion  again  becomes 
troublesome. 

There  was  appropriated  for  the  improvement  of  this  harbor 

in  1866 $23, 910  00 

Appropriated  in  1867 45, 000  00 

Allotted  from  the  appropriation  of  1869 22, 500  00 

Total 91 ,  410  00 

Of  which  amount  there  was  unexpended  on  the  30th  June, 

1869 $27, 059  89 

Amount  required  for  completion 40, 000  00 

Which  could  be  used  next  fiscal  year.    This  estimate  of  completion  is  to 
carry  out  the  south  pier  equal  in  length  to  the  north  pier. 

10.  Kenosha  Harbor^  Wisconsin — Lake  Michigan. — ^The  engineer  in 
charge  does  not  recommend  a  further  extension  of  the  piers  for  this  har- 
bor, and  makes  no  estimate  for  this  purpose.  An  estimate  of  $20,000  for 
repairs  of  old  work  and  $35,000  for  dredging  was  made  in  the  annual 
report  of  1867.  This  recommendation  is  renewed,  and  the  amount  re- 
quired for  the  next  fiscal  year  is  $40,000.  The  end  crib  of  north  pier, 
after  being  placed  in  1867  and  accepted,  was  moved  from  its  position 
during  a  heavy  gale.  Before  paying  the  contractors  in  full  they  were 
required  to  build  this  up  so  as  to  have  the  surface  on  the  same  level  with 
the  remainder  of  the  pier.  This  they  did  in  the  past  fiscal  year  by  driving 
piles,  joining  the  displaced  crib  and  the  main  pier,  and  building  on  the 
piles  a  superstructure  conforming  in  general  appearance  to  the  rest  of 
the  work.  The  ice  and  waves  carried  this  additional  work  away  during 
the  past  winter.  It  is  now  proposed  to  take  out  the  stone,  lift  the  crib 
from  its  present  bed,  and,  if  it  be  uninjured,  to  replace  it  in  its  original 
position ;  if  it  cannot  be  replaced,  to  remove  it  entirely,  or  enough  of  it 
so  that  it  shall  present  no  obstruction  to  navigation.    This  will  be  done 
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thijB  season,  and  will  form  the  principal  work  of  the  year.  The  timber- 
work  above  the  water  of  the  old  soath  pier  is  all  very  much  decayed,  and 
unless  repaired  during  the  next  season  will  be  leveled  to  the  surface  by 
the  water. 

There  was  appropriated  for  this  harbor  in  1866 $75, 461  41 

Allotted  from  appropriation  of  1869 5, 400  00 

Total 80, 861  41 

Of  which  there  was  unexpended  on  the  30th  Jane,  1869. . .      $5, 890  81 

This  amount  will  be  expended  during  the  present  season. 

11.  Chicago  Harh&r^  Illiiuns — Lake  Michigan. — ^The  building  of  the 
south  pier  and  its  extension  as  far  as  the  light-house  pier,  a  distance  of 
610  feet,  has  been  contracted  for,  and  the  greater  portion  of  it  will  be 
done  this  season.  This  ejctension  should  be  carried  on  until  the  south 
pier  is  equal  in  length  to  the  north  pier.  This  will  require  the  construc- 
tion of  600  feet  of  pier- work,  that  may  be  composed  of  cribs  20  feet  wide 
for  500  feet,  and  the  remaiuing  100  feet  of  cribs  25  feet  wide,  filled  with 
stone.  The  cost  of  this  600  feet  may  be  estimated  at  $70  per  running 
foot,  or  for  the  entire  addition,  $42,000.  Adding  $3,000  for  superintend* 
ence.  there  will  be  required  for  the  next  fiscal  yeiar  $45,000.  Daring  the 
fiscal  year  the  north  pier  was  fully  completed ;  the  end  of  pier  being  in 
water*23  feet  deep.  It  has  been  consid^ed  advisable  to  protect  the 
head  of  the  pier  by  covering  the  end  with  12-inch  square  timbers  firmly 
bolted  to  the  end  of  pier,  filling  up  the  cribs  with  stone,  covering  the  pier 
with  a  coating  of  coal-tar,  and  driving  seven  clumps  of  fender-piles 
around  the  end  of  pier.  This  work,  with  the  work  of  building  the  south 
pier  for  at  least  600  feet,  will  form  the  probable  progress  for  the  season. 
Surveys  have  been  made  and  projects  are  being  prepared  with  a  view  to 
affording  greater  safety  to  the  commerce  of  this  important  harbor. 

There  was  appropriated  for  this  harbor  in  1866 $88, 704  00 

Allotted  from  the  appropriation  of  1868 35, 000  00 

Allotted  from  the  appropriation  of  1869 30, 000  00 

Total 153,704  00 

Of  which  there  was  expended  on  June  30, 1869 $66, 869  57 


12.  Michigan  City  Harbor j  Indiana — LaJce  Michigan. — ^During  the  fiscal 
year  ending  June  30, 1869,  352  feet  of  pier  have  been  built,  708  feet  of 
sheath-piUng  constructed,  and  111,080  cubic  yards  of  earth  removed  by 
dredging.  Of  this  352  feet  96  feet  were  added  to  the  eastern  pier  and 
256  to  the  westeru.  It  is  proposed  during  the  present  season  to  finish 
the  sheath-piling  recommended  in  previous  reports,  build  not  less  than 
288  feet  of  pier,  and  continue  the  dredging.  This  will  more  than  com- 
•plete  the  work  recommended  excepting  the  pier  work.  In  the  original 
recommendation  the  length  of  piers  was  based  upon  tho  amount  of  money 
appropriated,  and  it  was  proposed  to  add  288  feet  to  the  eastern  and  320 
to  the  western  pier.  With  the  means  now  available  242  feet  can  be  added 
to  the  eastern  pier  and  498  feet  to  the  western.  These  additions  bring 
out  the  piers  nearly  equal  in  length,  give  a  depth  of '12  feet  at  the  en- 
trance, and  form,  in  the  aggregate,  more  pier  work  than  was  recom- 
mended. Experience  at  this  place  has  shown  that  the  extension  of  the 
western  pier  was  of  more  importance,  even,  than  carrying  out  the  east- 
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era  OBe,  and  has  led  to  reducing  the  I^igth  of  one  and  adding  to  the 
other.  A  farther  extension  of  piers  might  be  advantageous,  but  no  reo- 
ommendation  for  this  project  is  made  at  the  present  time. 

There  was  appropriated  for  this  harbor  in  1866 $75, 000  00 

Allotted  from  appropriation  of  1868 26,000  00 

Allotted  from  appropriation  of  1869 31, 500  09 

Total 131,500  00 

Of  which  there  was  unexpended  on  the  30th  June,  1869 . . .     $57, 422  12 


13.  Kew  Buffalo  Harb<yr^  Michigan — Lalce  MiohigaM, — The  wOrk  during 
the  fiscal  year  was  devoted  to  opening  a  new  cut  through  to  Lake  Michi- 
gan and  close-piling  the  sides  of  this  channel.  Although  successful  in 
carrying  the  cut  through  from  Lake  Pottawatomie  into  Lake  Michigan, 
the  action  of  the  waves  of  the  latter  lake  was  such  as  to  close  it  up  by 
the  drift  of  sand.  This  was  done  several  times.  It  is  proposed  to  make 
a  dam  across  the  mouth  or  near  the  outlet  of  the  Galien  Eiver  and  force 
this  stream  to  go  through  the  new  cut  This  will  be  done  this  season, 
and  work  will  be  suspended  to  notice  its  action  and  watch  the  results. 

There  was  appropriated  in  1867 $60,000  00 

Of  which  there  was  unexpended  on  June  30, 1869 7, 161  50 


14.  Survey  of  the  harbor  of  Charlewnx^  Miehigaaty  Lake  Michigan. — ^In 
compliance  wit];L  the  request  of  the  Hon.  T.  W.  Ferry,  member  of  Congress* 
and  with  the  approbation  of  the  honorable  Secretary  of  War,  a  survey 
of  the  harbor  of  Charlevoix,  Michigan,  has  been  made,  with  a  plan  for.its 
improvement  and  estimate  of  the  cost,  &c.  The  estimated  cost  of  the 
improvement  of  the  harbor  is,  in  round  numbers,  $200,000,  and  Col* 
onel  Wheeler,  to  whom  this  duty  was  intrusted,  remarks  ^'  that  from 
the  location  of  the  harbor  and  the  width  of  the  channel  that  we  are 
obliged  to  adopt  in  improving  it,  I  am  of  the  opinion  that  the  interests 
of  commerce  do  not  require  this  place  to  be  made  a  harbor  of  refuge." 

These  views  are  concurred  in.    (See  Appendix  A  2.) 

*        

15.  Besurvey  of  Port  Washington^  Wweewwin,  Lake  Michigan.-^The 
officer  in  charge  of  harbor  works  in  the  district  in  which  this  locality 
lies  has  been  directed  to  make  the  re-survey  called  for  by  resolution  of 
the  Committee  of  Commerce  of  the  House  of  Kepresentatives,  and 
report  a  plan  lor  its  improvement  with  estimate  of  cost.  This  report 
has  not  been  received. 

16.  Harbor  ofDu  Luth^  Lake  Superior — ^The  survey  of  this  harbor  was 
placed  in  the  charge  of  Brevet  Colonel  J.  B.  Wheeler,  corps  of  engineers, 
and  has  been  completed.  He  is  now  engaged  upon  tbe  reduction  of  the 
notes  of  the  survey,  and  in  the  preparation  of  his  report. 

'         HABBOBS  ON  THE  EA8TEBN  SHOBE  OP  LAKE  MIOHIOAN. 

Officer  in  charge.  Brevet  Colonel  F.  TJ.  Farquhar,  captain  corps  of 
engineers,  with  the  following  assistants : 

Lieutenant  E.  A.  Woodruff,  corps  of  engineers,  special  superintend- 
ent for  the  harbors  of  Aux  Bees  Scies,  Manistee,  P^re  Marquette,  and 
Pentwater   station,  Milwaukee. 

Assistant  J,  F.  Saunders,  special  superintendent  for  the  harbor  at 
White  liiver. 
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Assistant  Alfred  Noble,  special  snperiutendent  for  the^  harbors  of 
Maskegon,  Grand  Haven,  Black  Lake,  Baugatuck,  and  South  Haven  ; 
station,  Milwaokee.    (See  Appendix  B  and  B  14.) 

1.  Atix  Bees  Sides  Harhor^  Michigan^  (FranJcfortJ — ^Ovnng  to  the  late- 
ness of  the  commencement  of  the  present  season  for  work,  but  little 
progress  had  been  made  up  to  the  end  of  the  fiscal  year.  A  contract 
for  dredging  has  been  entered  into,  and  during  the  present  working 
season  it  is  expected  that  the  channel  between  the  piers  will  be  dredged 
to  a  depth  of  10  feet,  and  that  the  north  pier  will  be  extended  320  feet. 

Ambunt  on  hand  July  1, 1868 $31, 481  82 

Allotted  from  appropriation  of  1868 10, 000  00 

Allotted  from  appropriation  of  1869 31,500  00 

72, 981  82 

Expended  during  the  fiscal  year $33, 836  39 

Balance  on  hand  July  1, 1869 39, 146  13 


To  make  this  a  good  harbor  of  refuge,  both  piers  should  be  extended 
to  the  depth  of  12  feet  in  the  lake,  and  the  channel  dredged  to  a  depth 
of  14  feet,  which  would  cost  $60,000.  This  amount  can  be  profitably 
spent  during  the  fiscal  year  ending  June  30, 1871.    (See  Appendix  B  1.) 

2.  Manistee  Harbor^  Michigan. — ^During  the  last  fiscal  year  the  south 
pier  was  extended  256  feet,  and  the  north  pier  96  feet.  It  is  exx>ected 
that  the  north  pier  will  be  extended  160  feet,  and  the  south  pier  96  feet 
during  the  present  season.  To  complete  the  improvement  of  this  har- 
bor both  piers  should  be  extended,  the  north,  512  feet,  and  the  south, 
pier  608  feet  beyond  the  extension  likely  to  be  made  during  this  season's 
work,  which  would  cost  $70,000.  The  sharp  angle  on  the  south  side  of 
the  channel  should  be  cut  away  and  the  channel  bank  revetted,  at  a 
cost  of  $9,000. 

Amount  on  hand  July  1, 1868 $25, 002  04 

Expended  during  the  fiscal  year 14, 439  29 

Balance  on  hand  July  1, 1869 10, 562  75 

There  can  be  profitably  expended  during  the  fiscal  year 
ending  June  30,  1871 70, 000, 00. 

(See  Appendix  B  2.) 

3.  P^re  Marquette  Harb^r^  Michigan. — The  work  of  the  fiscal  year  con- 
sisted in  extending  the  north  pier  128  feet,  and  in  completing  the  super- 
structure of  the  south  pier. ,  During  the  present  working  season  it  is 
proposed  to  carry  out  the  north  pier  384  feet,  which  will  exhaust  the 
balance  on  hand  for  the  improvement  of  this  harbor. 

Amount  on  hand  July  1,  1868 $8, 979  23 

Allotted  from  appropriation  of  1869 -r 31, 500  00 

40, 479  23 
Expended  during  the  fiscal  year 7, 888  97 

Balance  on  hand  July  1, 1869 32,596  26 
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To  remove  the  old  dab  pier  on  the  south  side  of  the  harbor,  and  to         . 
dredge  in  and  beyond  the  space  it  occupies,  will  cost  $52,000,  which  ; 

can  be  profitably  expended  during  the  fiscal  year  ending  June  30, 1871. 
(See  Appendix  B  3.) 

4.  Fentwater  Harbor j  Michigan. — ^The  work  done  during  the  pa«t  fiscal 
year  was  the  extending  of  the  south  pier  256  feet,  and  dredging  22,632 
cubic  yards  of  earth  from  between  the  piers.  Owing  to  the  want  of  a 
pier  on  the  north  side  of  the  channel  it  filled  up  during  the  winter,  so 
that  in  the  spring  there  was  only  a  depth  of  six  feet  where  ten  feet  was 
reported  last  autumn.  The  residents  have,  at  their  own  expense,  dredged 
the  channel  to  the  former  depth  of  10  feet,  and  a  north  pier  is  now  being 
built.  During  the  gales  of  last  autumn  and  winter,  the  south  pier  suS 
fered  severely.  The  superstructure,  for  32  feet  from  the  outer  end  of  the 
pier,  was  carried  away,  and  the  adjoining  superstructure  was  much 
damaged.  The  whole  pier  has  considerably  settled,  and  will  require 
much  work  to  repair  it.  These  necessary  repairs,  together  with  the 
building  of  600  feet  of  pier  on  the  north  side  of  the  channel,  are  ex- 
pected to  be  completed  this  working  season,  and  will  exhaust  the 
balance  on  hand  applicable  to  the  harbor.  To  complete  the  improve- 
ment of  this  harbor,  the  south  side  of  the  entrance  where  the  revetment 
is  of  slabs  should  be  dredged  away ;  for  this  It  is  estimated  that  the  sum 
of  $40,000  will  be  required. 

Amount  on  hand  July  1, 1868 $29, 946  88 

Allotted  from  appropriation  of  1869 18, 000  00 

47,946  88 
Expended  during  the  fiscal  year 22, 649  33 

Balance  on  hand  July  1, 1869 25, 297  55 

Amount  required  for  the  fiscal  year  ending  June  30, 1871.    $40, 000  00 

(See  Appendix  B  4.) 

5.  Mouth  of  White  Bivetj  Michigan. — ^This  harbor  is  reported  to  be  in 
bad  condition.  During  the  past  winter  much  of  the  new  channel  has 
been  filled  up.  None  but  vessels  drawing  less  than  six  feet  water  can 
now  enter  White  Lake.  It  is  expected  that  during  this  season's 
work  the  channel  will  be  dredged  to  a  depth  of  10  feet,  and  a  pier  car- 
ried out  for  its  protection  as  far  as  the  6-feet  curve.  Early  next  spring 
the  pier  can  be  further  extended  as  far  as  the  12-feet  curve.  Should  the 
weather  be  favorable  the  north  pier  may  be  extended  to  the  12-feet 
curve  this  autumn.  The  balance  remaining  on  hand  applicable  to  this 
harbor  will  be  exhausted  during  the  present  fiscal  year.  To  give  a 
channel  at  least  12  feet  deep,  and  to  extend  the  piers  to  15  feet  of  water 
in  the  lake,  will  require  an  additional  sum  of  $50, 000,  which  can  be 
profitably  expended  during  the  fiscal  year  ending  June  30, 1871. 

Amount  on  hand  July  1, 1868 $18, 880  28 

Allotted  from  appropriation  of  1869 45,000  00 

63,880  28 
Expended  during  the  fiscal  year 12  206  50 

Balance  on  hand  July  1, 1869 51  673  77 

(See  Appendix  B  5.) 
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6.  Mugkegon  Harbor^  Michigan, — ^Two  cribs  (32'  x  2(y)  bayebeen  plaeed 
on  the  extension  of  the  north  pier,  and  one  (32'  x  32^)  on  the  end  of  the 
south  pier,  and  the  superstructure  on  both  piers  completed.  During  the 
present  working  season  the  north  pier  will  be  extended  320  feet,  and  the 
south  pier  will  be  filled  with  stone  ballast.  It  will  be  necessary  to  re- 
pair the  slab  work  in  the  interior  of  the  (^ib  pier,  to  do  which  the  slabs 
should  be  removed  to  one  foot  below  the  water  surface,  and  a  crib  super- 
structure  should  be  built  at  a  cost  of  $28,000.  Unless  this  is  done  there 
will  be  danger  from  breaches  and  the  consequent  filling  up  of  the  chan- 
nel between  the  piers.  Before  a  further  extension  ^  Uie  piers  into 
the  lake,  the  effects  of  the  present  season's  work  should  be  observed. 

Amount  on  hand  July  1, 1868 |28, 484  41 

Expended  during  the  fiscal  year 12, 171  45 

Balance  on  hand  July  1, 1869 16, 312  96 

Additional  amount  required  for  completion |63, 450  00 

Eequired  for  the  fiscal  year  ending  June  30, 1871 30, 000  00 

(See  Appendix  B  6.) 

7.  Grand  Haven  Harbor^  Michigan. — ^The  pier  on  the  south  side  of  the 
channel  has  been  extended  100  feet,  aud  the  old  pile  work  interior  to 
that  part  qf  the  same  pier,  which  was  repaired  in  18G6,  has  been  re- 
paired for  a  len^h  of  465  feet.  To  complete  the  improvement  of  the 
harbor,  a  pier  on  the  north  side  of  the  entrance  to  the  river  is  necessary, 
and  the  repairs  to  the  old  pile  pier  should  be  continued  for  an  additional 
length  of  600  feet.  The  necessity  for  a  north  pier  has  been  fully  set 
forth  in  previous  reports.  It  should  be  1,700  feet  long,  and  would  cost 
$200,000,  and  the  repairs  of  the  old  south  pier,  1 14,000.  This  harbor  is 
one  of  the  most  important  of  those  on  the  east  shore  of  Lake  Michigan, 
and  is  by  far  the  best.  When  once  the  proposed  improvements  are  com- 
pleted, it  will  be  a  long  time  before  a  further  outlay  will  be  required. 

Amount  on  hand  July  1, 1868  $30,295  61 

Expended  during  the  fiscal  year 27, 048  69 

Balance  on  hand  July  1, 1869 3, 246  92 

Amount  required  for  completion $200, 000  00 

Bequired  for  the  fiscal  year  ending  June  30, 1871 100, 000  00 

(See  Appendix  B  7.) 

8.  Black  Lake  Harbor j  Mefttjan.^— During  the  present  fiscal  year  five 
cribs  (32'  X  20^)  have  been  placed  on  the  line  of  the  south  pier,  extend- 
ing it  160  feet,  and  one  crib  on  the  north  pier,  and  the  superstructure 
finished.  The  south  pier  settled  very  irregularly  during  the  winter,  and 
the  outer  crib  was  moved  from  its  place.  In  accordance  with  the  recom- 
mendation of  a  board  of  engineer  officers  assembled  in  May  last,  for  the 
consideration  of  certain  harbor  structui'es  in  Lake  Michigan,  the  follow- 
ing work  will  be  done  during  the  present  working  season  for  the  improve- 
ment of  this  harbor.    An  enrnr*J<:ment  will  be  placed  along  the  side  of 

*the  south  pier  to^^^  -  "'^ouring  out  of  the  sand.  The  south 

pier  will  ^^  ti\xe  will  be  built  to  prevent  a 

torft*'*^  ore,  and  a  pile  revetment  will 

be  t  the  stream  from  washing  out 
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the  sand  and  depositing  it  on  the  outer  bar.  In  addition,  the  point  at 
the  head  of  the  cat  should  be  dredged  away  in  order  to  straighten  the 
channel,  which,  together  with  the  necessary  revetment,  will  require  an 
additional  appropriation  of  $10,000. 

Amount  on  hand  July  1, 1868 |46, 648  92 

Expended  during  the  fiscal  year ^ 22, 160  30 

Balance  on  hand  July  1, 1869 24, 488  62 

Amount  required  for  completion |10, 000  00 

Eequired  for  the  fiscal  year  ending  June  30, 1871 •. . ,       10, 000  00 


(See  Appendix  B  8  and  B  12.) 

9.  Saugatuck  Harbor j  Michigan^  (Mouth  of  Kalamazoo  River,) — Nothing 
was  done  at  this  harbor  during  the  fiscal  year.  In  the  present  working 
season  it  is  proposed  to  revet  the  left  ban^  of  the  river  for  a  distance  of 
2,700  feet,  as  recommended  by  a  board  of  engineer  oflicers  convened 
for  the  consideration  of  the  project  for  this  harbor.  The  present  piers 
at  the  mouth  of  the  river  were  built  by  the  local  authorities,  and  they 
have  contracted  the  stream  so  much  that  at  high  water  in  the  river  the 
piers  are  much  endangered.  To  obviate  this  it  is  proposed  to  build  a 
north  pier  and  interior  revetment,  and  to  remove  the  present  slab  re- 
vetment.   These  improvements  would  cost  $75, 090. 

Allotted  from  appropriation  of  1868 $23, 900  00 

Allotted  from  appropriation  of  1869 J 6, 100  00 

» 

30, 000  00 

Additional  amount  required,  and  which  can  be  profitably 
expended  during  the  fiscal  year  ending  June  30, 1871. .     $75, 000  00 

(See  Appendix  B  9  and  B  13.) 

10.  South  Haven  Harbor^  Michigan. — ^Eight  cribs  (32'  x  20^)  have  been 
placed  on  the  prolongation  of  the  north  pier  and  the  superstructure 
built  upon  them.  The  outer  crib  of  the  north  pier  (carried  away  in  a 
storm  last  spring)  has  been  replaced  and  ballasted  with  stone.  To  com- 
plete the  proposed  improvement  of  this  harbor,  the  piers  should  be  ex- 
tended each  400  feet,  at  a  cost  of  $52,000.  The  old  slab  pier  should  be 
removed  to  widen  the  entrance  to  the  river,  and  the  channel  dredged  to 
a  depth  of  12  feet.    These  two  items  woula  cost  $30, 000. 

Amount  on  hand  July  1, 1868 $13, 315  11 

Expended  during  the  fiscal  year 11, 147  55 

Balance  on  hand  July  1,  1869 2, 167  56 

which  will  be  entirely  exhausted  in  payment  for  work  done. 

Amount  required  for  the  fiscal  year  ending  June  30, 1871.    $72, 000  00 

(See  Appendix  B  10.) 

11.  8t.  Joseph's  Harbor  J  Michigan. — No  work  has  been  done  at  this 
place  in  the  last  fiscal  year.  The  expenditures  were  for  work  already 
done.  It  has  become  evident  from  experience,  that  the  present  direction 
of  the  piers  is  erroneous.  They  should  be  placed  in  the  actual  direction 
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taken  by  the  current  of  the  river  after  it  leaves  the  end  of  the  present 
south  pier,  about  north,  78°  west,  from  the  present  west  end  of  that  pier. 
To  permanently  improve  the  harbor  the  south  pier  should  be  extended  for 
a  distance  of  028  feet  in  this  direction,  and  a  north  pier  should  be  built 
parallel  to  it  for  a  length  of  940  feet.  The^e  two  piers,  it  is  estimated, 
would  cost  1116,666. 

Amount  on  hand  July  1, 1868 $7, 500  00 

Expended  duringthe  fiscal  year 6, 978  75 

On  hand  July  1, 1869 521  25 

Amount  required  for  the  fiscal  year  ending  June  30, 1871.     |80, 000  00 

(See  Appendix  B  lli) 

HABBOBS    ON   LAKE   HUEON,  IMPROVEMENT    OF    ST.    MABY'S     BIVEB, 

AND  OF  THE  ST.  OLAIB  PLATS. 

■ 

Officers  in  charge.  Brevet  Major  General  T.  J.  Cram,  colonel  corps  of 
engineers,  retired;  assistant,  Captain  H.  C.  Wharton,  corps  of  engi- 
neers. 

1.  Improvement  of  8t  Marifs  River ^  Michigan. — ^During  the  past  fiscal 
year  the  work  for  the  improvement  of  the  navigation  of  this  river  has 
been  confined  entirely*to  dredging  in  the  middle  channel  of  Lake  George, 
in  accordance  with  the  original  plan  of  making  a  channel  200  feet 
wide  and  14  feet  deep.  It  is  expected  that  at  the  close  of  the  present 
w<>rking  season  this  work  will  be  completed  and*  the  contract  closed. 
The  officer  in  charge  reports  that  during  the  fiscal  year  there  wer^ 
excavated  and  removed  76,342  cubic  yards  of  clay  and  sand. 

Amount  expended  on  the  work  during  the  fiscal  year  end- 
ing June  30,  1869 $38, 053  10 

Amount  available  July  1  for  continuing. the  work 14, 799  47 


Special  surveys  have  been  made  of  other  points  in  the  St.  Mary's 
Eiver  where  improvements  are  required.  The  officer  in  charge  esti- 
mates that  to  increase  the  channel  to  the  necessary  width  and  depth  at 
these  several  localities  will  cost  as  follows : 

East  Keebish,  west  channel $59, 071  00 

Channel  at  head  of  Eain's  Island 56, 380  00 

Channel  at  foot  of  Sugar  Island , •.  19, 570  00 

Renewing  boulders  above  canal 3, 000  00 

Eenewing  boulders  below  canal 3, 000  00 

Total 141, 021  00 

Amount  required  annually  to  keep  the  improvements  in 
good  concQtion,  when  completed $10, 000  00 

Amount  that  could  profitably  be  expended  diuing  the  next 
fiscal  year 60,000  00 

(See  Appendix  C.) 

2.  Improving  mouth  of  An  Sable  River,  Michigan,  Lake  Huron, — Dur- 
ing the  working  season  of  1868,  thirty  cribs  were  constructed  and  placed 
in  position  in  line  of  piering.    At  the  close  of  the  season  there  were  240 
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linekr  feet  of  crib- work  on  the  north  side  and  660  feet  on  the  south.  At 
the  opening  of  the  present  season,  damages  caused  by  the  gales  and  ice 
of  the  winter  were  repaired. 

Amount  available  July  1,  1868 |45, 502  38 

Amount  expended  to  June  30, 1869 31, 794  46 

Amount  available  July  1, 1869 13, 707  92 


The  ofScer  in  charge  reports  tnat  during  the  present  working  season 
he  expected  to  extend  the  north  pier  by  two  cribs  and  the  south  by 
three  cribs ;  to  fill  a  breach  made  in  the  soitth  pier  with  two  cribs,  and 
to  complete  the  filling  and  superstructure  on  both  lines  of  piers. 

Amount  required  to  complete  the  improvement  according 

to  original  design $20,000  00 

Annual  amount  required  to  keep  this  harbor  open  after 
completion  of  work 3, 000  00 

(See  Appendix  0.) 

'  3.  Improvement  of  mouth  of  Sctginaw  River,  Michigan^  Lake  Huron, — 
This  work  was  completed  on  the  9th  October,  1868,  to  the  full  extent 
contracted  for.  Dredging  has  been  done  throughout  a  length  of  6,800 
feet,  giving  a  channel  of  195  feet  in  width  and  12  feet  in  depth  "  below 
the  low  stage  during  the  calm  weather  of  navigation.  ^ 

Amount  available  July  1, 1868 $28, 149  29 

Amount  allotted  from  general  appropriation  of  1868 9, 000  00 

37, 149  29 


Amount  expended  during  fiscal  year,  $36,043  54,  leaving  a  small  bal- 
ance available  for  contingencies.  The  engineer  in  charge  estimates  that 
$1,500  will  be  required  annually  to  keep  the  channel  in  good  condition. 
(See  Appendix  C.) 

4.  8t  Olair  Flats,  Lake  St.  Glair. — ^The  total  length  of  the  proposed 
canal  is  about  8,200  feet ;  width  between  dikes,  300  feet  y  depth  qf  water, 
13  feet — below  lowest  stage  known  during  navigation.  Up  to  the  close 
of  the  last  fiscal  year,  June  30,  1869,  there  had  been  dredged  about 
4,320  linear  feet  of  the  canal  bed  to  the  full  width  and  depth — the 
,  earth  being  placed  in  the  banks — and  about  7,028  linear  feet  of  dike  re- 
vetments and  banks  have  been  constructed. 

Amount  available  from  specific  appropriation  of  1866  and 

1867,  on  July  1, 1868 $214, 427  28 

Allotment  from  appropriation  of  1868 86, 000  00 

Allotment  from  appropriation  of  1869 - 144, 000  00 

Total : 444,427  28 

Amount  expended  during  fiscal  year  ending  June  30, 1869    179, 786  %2 

Available  July  1, 1869 264, 640  46 

The  officer  in  charg^  estimates  that  in  addition  to  this  sum  there  will 
be  required  to  complete  the  improvement  $15,000,  and  an  annual  appro- 
priation for  repairs  of  $1,500.    (See  Appendix  C.) 
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HABBOBS  ON  LAKE  EBIE,  WEST  OF  BTJNKIBE:. 

Officer  in  charge,  Major  Walter  McFarkuidy  corps  of  engineers. 

1.  Monroe  Harbor^  Michigan. — Nothing  has  been  done  here ;  though 
since  the  close  of  the  year  the  work  of  dredging  the  bar  and  protecting 
the  north  pier  has  been  let,  to  be  completed  probably  by  the  beginning 
of  wiuter. 

Balance  June  30,  1868 |10, 590  21 

Expended  during  the  fiscal  year 178  73 

On  hand  July  1, 1869 10, 411  48 

No  further  appropriation  is  asked.    (See  Appendix  D.) 

2.  Harbor  of  Toledo,  Maumee  Bay,  Ohio. — ^Nineteen  thousand  one  hun- 
dred cubic  yards  of  sand  were  removed  from-  the  channel.  The  project 
of  a  straight  ship  canal  through  Maumee  Bay,  which  was  submitted  by 
General  Cram^  was  referred  by  me  to  a  board  of  engineers,  which 
recommended  m  its  stead  the  improvement  of  the  western  channel  by 
dredging.  The  recommendation  of  the  board  was  approved  by  me.  and 
the  reports  were  submitted  to  the  Secretary  of  War,  and  by  him  trans- 
mitted to  Congress.  Since  the  termination  of  the  year  an  allotment  ot 
$30,000  has  been  made  for  dredging  the  western  channel,  which  will  be 
expended  by  the  close  of  navigation.  To  put  this  channel  in  condition 
suitable  to  the  magnitude  of  the  commerce  of  Toledo  and  its  rapid 
growth,  there  will  be  required,  in  addition,  $120,000. 

Balance  June  30, 1868 $13, 015  01 

Expended  during  the  fiscal  year , •. 10, 715  51 

Balance  July  1,  1869 2, 299  50 


3 


(See  Appendices  D  1  and  D'2.) 

3.  Sandusky  River,  0/ao.— The  operations  of  the  year  have  consisted 
in  cutting  channels  sixty  feet  wide  and  eight  feet  deep  through  the  first 
shoal  place  below  Whitacie  Bar,  through  the  bar  off  Squaw  Island,  and 
the  bar  at  the  mouth  of  the  river — ^removing  altogether  27,353  cubic 
yards  of  material. 

Balance  June  30, 1868 $8, 340  21 

Expended  during  the  fiscal  year 7, 990  77 

On  hand  July  1, 1869 349 .  44 

=■ 

There  could  be  profitably  expended  in  improving  these  channels  in 
the  coming  year,  $20,000.   (See  Appendix  D  3.)     ' 

4.  Sandusky  City  Harbor,  Ohio. — Thechannel  overtheouterbarhasbeen 
widened  to  two  hundred  and  forty  feet  during  the  year,  and  deepened 
to  twelve  feet,  excepting  in  two  places  where  the  depth  is  eleven  feet 
six  inches.  The  balance  of  the  appropriation  is  to  be  applied  to  the' 
improvement  of  the  channel  over  the  inner  bar.  To  make  this  channel 
two  hundred  and  fifty  feet  wide  an  additional  appropriation  of  ten 
thousand  dollars  is  needed. 

Balance  June  30, 1868 $24, 353  76 

Expended  during  the  fiscal  year , 13, 988  70 

On  hand  July  1, 1869 10, 366  06 
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All  of  which  will  be  expended  during  the  present  season  in  deepening 
the  channel  over  the  inner  bar.  Bequired  for  the  next  fiscal  year, 
$10,000.    (See  Appendix  D  4.) 

5.  Huron  Harbor^  Ohio, — ^Nothing  has  been  done  in  the  improvement 
of  this  harbor  during  the  past  fiscaUjrear.  Since  its  close,  however,  esti- 
mates of  the  cost  of  necessary  repairs  in  both  piers  have  been  made, 
advertised,  and  the  work  let,  to  be  completed  this  fall. 

Balance  on  hand  June  30, 1868 : $13,774  31 

Expended  during  the  fiscal  year 200  95 

On  hand  July  1, 1869 13, 673  36 

Probable  cost  of  repairs  during  the  present  working  season       2, 500  00 

Leaving  available 11, 073  36 

To  be  applied  to  further  repairs  as  .the  ^lecessity  for  them  arises, 
which  will  not  probably  amount  to  more  than  $1,500  per  year.  No 
further  appropriation  is  asked.    (See  Appendix  D  5.) 

« 

6.  Vermillion  Harbor^  Ohio. — ^Nothing  has  been  done  since  the  close 
of  the  last  fiscal  year,  the  piers  being  in  very  good  condition,  and  giving 
no  indications  of  needing  further  repairs  very  soon.    The  appropriations 
and  allotments  for  this  work  are  exhausted.    Probable  annual  cost  of* 
keeping  the  piers  in  repair,  $1,000.    (See  Appendix  D  6.) 

7.  Black  River  Harbor^  Ohio. — ^Nothing  ha^  been  done  here  during  the 
past  year ;  but  the  work  of  repairing  the  west  pier  is  now  in  pro- 
gress. The  channel  in  July  of  1869  was  twelve  feet  deep,  or  about  ten 
and  a  half  feet  deep  at  low  water — an  increase  of  two  feet  over  the  depth 
reported  in  November  last. 

Available  June  30, 1868 $10, 000  00 

Expended  during  the  fiscal  year •- 24  58 

On  hand  July  1, 1869 9, 975  42 

No  farther  appropriation  is  required.    (See  Appendix  D  7.) 

8.  Cleveland  Harbor ^  Ohio. — ^The  west  pier  has  been  completed,  and 
the  east  pier  extended  so  &r  that  its  completion  may  be  expected 
in  September. 

Balance  on  hand  July  1, 1868 $30, 858  99 

Allotted  from  appropriation  of  1868 17, 000  00 

Allotted  from  appropriation  of  1869 12, 000  00 

69, 858  99 
Expended  during  the  year 39, 427  06 

On  hand  July  1, 1869 ' 20, 431  94 

• 

All  of  which  will  be  expended  this  year  in  completing  the  pier  extension, 
Bequired,  as  by  previous  reports,  to  give  fourteen  feet  draught,  $39,000, 
which  can  be  profitably  expended  during  the  fiscal  year.  (See  Ap- 
pendix D  8.) 

9.  Grand  River  Harbor,  Ohio. — The  east  pier  extension  has  been 
completed  and  the  effect  has  been  to  give  an  average  increase  of  depth 
of  two  feet  in  the  channel.    Further  improvement  is  deferred  until  it 
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can  be  decided  whether  an  extension  of  the  west  pier  will  best  accom- 
plish the  end  desired. 

Balance  available  July  1, 1868 $45, 582  40 

Expended  during  tUe  fiscal  year 10, 777  37 

Balance  on  hand  July  1, 1869 34, 805  03 

Fo  fiirther  appropriation  is  required.    (See  Appendix  D  9.) 

10.  Ashtabula  Harbor,  Ohio. — ^The  extension  of  both  the  east  and  west 
piers  has  been  completed,  both  running  out  now  to  the  twelve-foot  curve, 
and  they  are  of  equal  length  and  parallel.  The  contract  for  dredging 
the  harbor  out  to  twelve-feet  depth  is  let  at  a  resisonable  rate,  and  wiU 
probably  be  completed  this  year.    No  further  appropriation  is  needed. 

Amount  on  hand  June  30,  f868... $48, 310  16 

Expended  during  the  fiscal  year 28, 412  94 

Balance  on  hand  July  1, 1869 19, 897  22 

Wliich  is  sufiicient  to  complete  the  dredging,  and  which  will  probably 
be  expended  by  December.    (See  Appendix  D  10.) 

11.  Conneaut  Harbor^  Ohio. — The  breach  made  by  Conneaut  Creek 
into  the  lake  and  behind  the  east  pier  has  been  repaired,  and  the  place 
secured  against  a  similar  accident.  The  cribs  of  the  west  pier  exten- 
sion were  sunk  in  place  in  June,  since  which  time  the  entire  extension 
has  been  completed. 

Received  and  expended  diuring  the  year $14, 213  74 

Allotted  from  appropriation  of  April  10, 1869 9, 000  00 

Which  has  been  expended  in  completing  the  pier  work. 

Still  to  be  appropriated,  in  order  to  complete  the  harbor,  $6,000.  (See 
Appendix  D  11.) 

12.  Erie  Harbor,  Pennsylvania. — ^The  work  at  this  harbor  during  the 
past  year  has  consisted  of  the  repair  of  three-quarters  of  the  damaged 
north  pier,  and  the  dredging  of  the  channels  over  the  inner  and  the  outer 
bars.  The  former  work  has  stood  the  storms  of  fall  and  winter  without 
any  perceptible  settlement,  proving  the  propriety  of  the  system  of  repair 
adopted.  The  channel  over  the  inner  bar  has  been  deepened  to  thir- 
teen feet  below  low  water  for  a  width  of  one  hundred  feet,  and  a  lump 
has  been  removed  from  the  outer  bar.  There  have  been  expended 
$21,173  76  in  these  operations. 

.  Balance  on  hand  June  30 $33, 500  00 

Since  allotted 22, 500  00 

To  be  expended  this  season 56, 000  00 


ix: 


Leaving,  of  the  amount  called  for  in  the  last  annual  report.  $15, 150  00 
Still  to  be  supplied  by  appropriation,  to  which  must  be  added 
the  cost  of  widening  the  channel 30, 750  00 

Total  required 45, 900  00 

(See  Appendix  D  12.) 
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HARBORS  ON  LAKE  ERIE,  EAST  OF  ERIE,  PENNSYLVANIA. 

OflBcer  in  charge,  Brevet  Lieutenant  Colonel  Franklin  Harwood,  cap- 
tain corps  of  engineers. 

1.  Dunkirk  Harhor,  New  York. — ^The  west  pier  while  in  progress  of 
construction,  and  nearly  completed,  was  breached  by  the  gale  of  the 
night  of  the  7th  October,  1868.  Owing  to  the  lateness  of  the  season  the 
work  was  closed  and  secured  for  the  winter.  In  the  spring  of  1869  the 
work  of  repair,  reinforcement,  and  c6mpletion  of  this  work  was  com- 
menced, and  at  the  close  of  the  fiscal  year  was  progressing.  The  con- 
struction of  the  new  breakwater  was  commenced  in  the  spring  of  1869, 
and  at  the  close  of  the  fiscal  year  was  in  a  forward  state.  The  removal 
of  the  old  outer  breakwater  had  not  yet  been  undertaken,  but  it  was  to 
be  removed  during  the  working  season.  It  was  expected  that  the  west 
pier  and  a  section  of  the  breakwater  (about  nine  hundred  feet)  would  be 
completed  by  the  close  of  the  working  season  of  1869,  exhausting  the 
present  appropriation,  excepting  a  small  balance  retained  for.  contin- 
gencies of  repair.  The  recommendations  of  the  last  annual  report  are 
renewed. 

Amount  on  hand  July  1,  1868 $91, 660  55 

Eeceived  during  the  fiscal  year : 60, 166  55 

Expended  during  the  fiscal  year 48, 985  31 

On  hand  July  1,  1869 , 42, 681  24 

Amount  required,  and  which  can  be  profitably  expended  dur- 
ing the  fiscal  year  ending  June  30,  1871 100, 000  00 

(See  Appendices  B,  E  1,  E  2,  and  E  3.) 

2.  Buffalo  Harhor  J  New  York. — The  interior  works  of  repair  are  nearly 
completed.  The  south  pier  has  been  extended  three  hundred  and  eigh- 
teen feet ;  but  the  dredging  is  deferred  until  the  completion  of  the  repairs 
of  the  piers.  One  hundred  and  fifty  feet  of  the  breakwater  has  been 
built  to  the  low  water  level.  It  is  expected  that  the  interior  harbor  work 
will  be  completed  during  the  present  working  season,  and  that  there 
will  be  built  by  the  close  of  the  year  1870  from  one  thousand  to  one 
thousand  two  hundred  feet  of  the  breakwater,  of  which  about  eight 
hundred  feet  will  be  constructed  under  existing  contracts,  and  the 
remainder  from  $90,000  allotted  from  the  general  appropriation  of  1869. 

Amount  on  hand  July  1,  1868 $193, 124  82 

Eeceived  during  the  fiscal  year ....  119, 124  82 

Expended  during  the  fiscal  year 105, 865  12 

On  hand  July  1, 1869,  including  amount  allotted  jQrom  ap- 
propriation of  April  10,  1869,  ($89,100) '176, 359  70 

Amount  required,  and  which  can  be  profitably  expended, 

for  the  fiscal  year  ending  June  30, 1871 220, 000  00 

(See  Appendices  E  and  E  4.) 

HARBORS  ON  LAKE  ONTARIO. 

Officer  in  charge  Brevet  Colonel  N.  Bowen,  major  corps  of  engineers, 
assisted  by  Captiain  W.  A.  Jones  and  First  Lieutenant  B.  D.  Greene, 
corps  of  engineers.  (These  harbors  were  in  charge  of  Brevet  Colonel 
Blunt,  corps  of  engineers,  untO  January,  1869,  and  of  Brevet  Brigadier 
General  McAlester,  cori)s  of  engineers,  until  his  death,  April  23, 1869.) 


40  EEPOBT  OF  CHIEF  OF  ENGINEEB8. 

1.  Oleott  Harbor  J  (Eighteen  Mile  Creek^)  New  York, — Since  last  annual 
report  two  hundred  and  sevent^'-five  running  feet  of  the  west  pier  have 
been  completed,  and  seventy  running  feet  of  cribs  filled  with  stone,  with- 
out the  superstructure.  Two  cribs  of  the  east  pier  were  sunk  before  the 
winter  set  in.  Dredging  has  been  done  in  the  channel  and  on  the  line 
of  the  piers.  The  contracts  for  material  and  labor  have  been  annulled, 
and  in  future  the  work  will  be  done  by  days'  labor.  It  is  proposed  dur- 
ing the  coming  year  to  continue  the  dredging  in  the  channel  and  on  the 
line  of  the  piers,  and  to  carry  out  the  two  piers  as  far  as  the  appropria- 
tion will  justify. 

Amount  available  for  the  work  July  1, 1868 $50, 671  67 

Amount  available  July  1,  1869 21, 312  46 

Bequired  for  the  fiscal  year  ending  June  30, 1871 50, 000  00 

(See  Appendix  F.) 

2.  Oak  Orchard  Harbor j  Kew  York. — Owing  tcr  the  failure  of  the  con- 
ti*actor  for  labor  to  comply  with  his  contract,  it  was  canceled  and  the 
work  re-let.  The  loss  of  time  consequent  on  this  was  very  serious,  and 
but  little  work  has  been  done.  The  gap  in  the  west  pier  has  been  fin- 
ished except  decking  over.  The  old  superstructure  of  the  east  pier  has 
been  removed,  and  three  hundred  running  feet  of  cribs  have  been  sunk 
and  filled  with  stone.  Dredging  has  been  done  in  the  channel  and  on 
the  line  of  the  piers.  It  is  proposed  during  the  coming  year  to  expend 
the  whole  of  the  balance  remaining  on  hand  in  continuing  the  work  on 
the  east  and  west  piers  and  on  dredging  in  the  channeL 

Amount  available  for  this  work  July  1, 1868 $74, 793  00 

Amount  available  for  this  work  July  1, 1869 45, 350  43 

Amount  required  to  complete  the  work  proposed  to  be  done 
during  the  fiscal  year  ending  June  30, 1871 50, 000  00 

(See  Api>endix  F.) 

3.  Harbor  of  Charlotte^  New  Tork^  (mouth  of  the  Genesee  River. J — ^This 
work  progressed  satisfactorily  during  the  year  until  the  appropriation 
became  exhausted.  Two  thousand  one  hundred  and  ninety-eight  running 
feet  of  cribs  have  been  sunk  and  filled  with  stone  upon  the  east  pier,  and 
were  decked  over  for  the  security  of  the  stone  filling.  There  only  remains 
to  complete  this  pier  forty  eight  feet  of  crib- work,  two  hundred  and  six- 
teen feet  of  superstructure,  and  the  pier-head.  An  appropriation  oi 
$30,000  is  urgently  needed  for  this  purpose,  and  $15,000  to  secure  the  end 
of  the  west  pier  at  its  junction  with  the  bank  of  the  river.  The  officer 
in  charge  recommends  the  sale  of  portions  of  the  west  pier,  at  cost,  to 
private  parties,  for  wharfage,  the  proceeds  of  such  sale  to  be  used  for 
repairing  the  pier  proper. 

Amount  available  for  the  work  July  2, 1868 $19, 995  94 

Amount  available  for  the  work  July  1, 1869 .' 71  80 

Amount  required  for  the  fiscal  year  ending  June  30, 1871- .    45, 000  00 

(See  Appendix  F.) 

4.  Big  Sodus  Harbor^  JSfew  York. — ^The  pier  has  been  completed  with 
the  exception  of  the*  light-house  head,  776  feet  having  been  built  during 
the  fiscal  year.  There  is  material  enough  remaining  on  hand  to  add  90 
feet  to  the  length  of  the  pier,  before  putting  on  the  pier-heatl.    This  will 

ing  the  coming  season.    The  dredged  channel  has  been 


( 
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increased  to  width  of  200  feet.  To  complete  the  closing  of  the  space  be- 
tween the  entrance  and  the  east  shore  will  require  an  appropriation  of 
$30,000 ;  to  dredge  the  ch9>unel  to  the  full  width  between  the  piers, 
$35,000;  for  necessary  repairs,  $10,000.  This  is  the  Mest  natural  harbor 
on  the  lake,  but  its  commerce  is  insignificant. 

Amount  available  for  this  work  July  1, 1868 $58, 645  46 

Amount  available  for  this  work  July  1, 1869 8, 056  53 

Amount  required  for  the  fiscal  year  ending  June  30, 1871      35, 000  00 

(See  Appendix  F.) 

5.  Little  8odu8  Harbor^  New  York. — ^The' superstructure  was  completed 
iiI)on  the  three  hundred  feet  of  pier  which  remained  unfinished  last  sear 
son.  The  width  of  the  dredged  channel  has  been  increased  from  eighty 
to  two  hundred  feet.  It  was  found  in  the  spring  that  the  pier  had  sunk 
several  feet  in  some  places,  probably  owing  to  dredging  too  near  the 
face  of  the  pier,  and  to  the  shifting  sand  of  which  the  bottom  is  com- 
posed. Proposals  have  been  received  for  the  extension  of  the  pier  150 
leet,  which  will  be  completed  this  season,  and  will  exhaust  the  present 
appropriation.  To  complete  this  improvement  as  originally  proposed 
will  require  an  additional  sum  of  $35,000,  and  to  restore  the  sunken  parts 
of  the  present  pier  and  to  rebuild  the  breakwater  $25,000  will  be 
required. 

« 

Amount  available  for  this  harbor  July'l,  1868 $27, 860  51 

Amount  available  for  this  harbor  July  1, 1869 4, 017*  39 

Amount  required  for  the  year  ending  June  30,  1871,  to 
make  the  necessary  repairs,  and  to  dredge  so  much  as 
may  be  required  to  clear  the  channel 25, 000  00 

(See  Appendix  F.) 

6.  Ostcego  Harbor j  New  York: — ^The  work  of  the  fiscal  year  has  been 
confined  to  repairs  of  the  United  States  pier  and  dredging  the  space 
inclosed  by  it. 

It  was  proposed  to  prolong  the  pier  400  feet  northerly  during  the  fiscal 
year,  but  the  work  being  unavoidably  delayed,  it  will  not  be  completed 
until  the  close  of  the  present  working  season. 

For.the  next  fiscal  year  there  will  be  required  to  complete  the  repairs 
undertaken  this  season  and  other  repairs  that  may  be  necessary,  $35,000. 
This  amount  will  level  up  and  refill  the  whole  of  the  old  pier,  repair 
breaches  in  the  old  stone  parapet,  and  put  the  work  in  good  order. 

Amount  avaUable  for  this  work  July  1, 1868 $49, 823  90 

Allotted  from  appropriation  of  1868 20,000  00 

Allotted  from  appropriation  of  1869 22, 500  00 

Expended  during  the  fiscal  year 20, 997  69 

Amount  available  July  1, 1869 70, 326  23 

Amount  required  for  the  fiscal  year  ending  June  30, 1871  35, 000  00 

(See  Appendix  F.) 

7.  Ogdensburg  Harbor^  New  York. — ^A  contract  was  entered  into  last 
autumn  for  dredging  in  the  Oswegatchie  Eiver,  below  the  bridge,  and 
upon  the  outer  bar  north  of  the  light-house.  At  the  end  of  the  fiscal 
year  the  channel  through  the  outer  bar  had  bieen  completed.  During 
the  remainder  of  the  present  working  season,  dredging  in  the  river  be- 
low the  bridge  will  be  continued  untU  the  available  funds  are  exhausted. 
A  recent  survey  shows  a  clear  channel  at  least  12  fe^t  deep  below  low 
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water,  and  averaging  300  feet  in  width,    "So  difficulty  is  experienced  in 
entering  the  river.  ^ 

Amount  available  for  this  work  July  1, 1868 $37, 118  58 

Amount  available  for  this  work  July  1, 1869 19, 272  49 

Ko  additional  amount  is  asked  for  this  harbor  until  the  effect  of  the 
dredging  recently  carried  on  is  fully  developed.    (See  Appendix  F.) 

HABBOBS  ON  LAKE  CHAMPLAIN. 

Officer  in  charge,  Brevet  Lieutenant  Colonel  J.  W.  Barlow,  captain 
corps  of  engineers. 

1.  Plattaburg  Harbor^  J^ew  York. — The  repairs  on  the  breakwater  hav- 
ing been  completed,  the  available  balance  of  the  specific  appropriation 
for  the  improvement  of  this  harbor  ($6,212  38)  has  been  applied  to 
increasing  the  depth  of  water  on  the  shoaJ  between  the  breakwater  and 
the  wharves.  By  dredging,  a  depth  of  seven  feet  has  been  obtained  on 
this  shoal.  The  recommenaation  of  last  year  is  renewed,  that  the  depth 
of  water  in  this  harbor  be  increased  to  nine  feet.  The  demands  of  the 
increasing  commerce  of  this  port  would  seem  to  require  a  ftirther  exten- 
sion of  the  breakwater.  The  officer  in  charge  recommends  an  extension 
of  three  hundred  feet  to  the  northward.  He  also  recommends  that  the 
foot  of  the  slope  along  the  government  reservation  be  revetted. 

The  estimated  cost  of  these  improvements  is $50, 000  00 
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Amount  of  funds  available  July  1, 1868 $6, 212  38 

Expended  during  year  ending  June  30, 1869 5, 631  53 

Balance  remaining  July  1, 1869 580  85 

Amount  that  could  be  profitably  expended  on  this  harbor 
next  season $25, 000  00 

(See  Appendix  G.) 

2.  Burlington  Harbor^  Vermont. — The  work  now  in  hand  for  the  im- 
provement of  this  harbor  consists  of  an  extension  of  the  breakwater  in 
accordance  with  the  plan  adopted  and  referred  to  in  previous  reports. 
During  the  working  season  of  1868,  six  cribs  were  pla<5ed  in  position  and 
filled  with  stone,  giving  five  hundred  lineal  feet  additional  length  of 
breakwater.  During  the  present  working  season  the  work  has  been 
resumed,  and  it  is  expected  that  with  tlxe  amount  of  money  available 
for  this  improvement,  one  hundred  and  sixty  feet  of  crib-work  will  be 
completed,  making  a  total  extension  of  six  hundred  and  sixty  feet,  leav- 
ing about  eight  hundred  and  forty  feet  of  breakwater  to  be  built  to  com- 
plete this  work  in  accordance  with  the  plan  adopted. 

Estimated  cost  of  extension,  (1,500^ ) $333, 442  00 

Estimated  cost  of  completion,  (840' ) 150, 000  00 

Amount  available  July  1, 1868 $90, 927  10 

Amount  expended  during  the  year f 48, 912  16 

Balance  available  July  1, 1869 42, 014  94 

Amount  required  for  next  fiscal  year $75, 000  00 

(See  Appendix  G  1.) 
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SUBVEYS  AND  IMPROVE>IENTS  OF  THE  UPPER  MISSISSIPPI,  MINNESOTA, 
AND  WISCONSIN  RIVERS,  AND  CONSTRUCTION  OF  THE  ROCK  ISLAND 
BRIDGE. 

Officer  in  charge,  Brevet  Major  General  G.  K.  Warren,  Major  corps 
of  Engineers,  assisted  by  Brevet  Major  A.  Stickuey,  captain  'corps  of 
engineers. 

1.  Stirveys  and  maps  of  the  Upper  Mississippi  l^irer.— During  the  last 
fiscal  year  surveys  and  examinations  were  made  at  the  sites  of  bridges 
between  St.  Louis  and  St.  Paul,  also  of  the  harbors  of  Dubuque  and 
Alton,  with  the  view  of  preparing  projects  for  preventing  the  injury 
caused  by  sand  bars.  It  is  very  desirable  that  the  survey  of  the  river 
should  be  extended  down  to  La  Crosse,  in  order  to  embrace,  some  very 
shoal  places  found  between  that  point  and  Winona.  General  Warren 
recommends  that  a  survey  and  examination  be  made  above  the  Falls  of 
St.  Anthony  with  the  view  of  ascertaining  the  practicability  of  forming 
large  reservoirs  on  the  headwaters  of  the  Mississippi  to  aid  in  keeping 
up  the  navigation  at  low  stages.  To  make  these  surveys  and  examina- 
tions and  complete  the  maps,  together  with  the  maps  of  thesurveys  [)re- 
viously  made,  will  require  an  appropriation  of  $25,000.  (See  Appendix 
H  and  H  3.) 

2.  Dredge  and  snag-boats  on  the  Upper  Mississippi  River. — ^The  two 
boats,  Montana  andCaffrey,  were  put  in  good  order  in  the  beginning  of 
the  season  of  1868.  One  of  the  boats  was  soon  called  into  requisition 
by  the  low  water,  and  the  work  of  that  season  fully  demonstrated  the 
success  of  the  method  of  deepening  the  water  on  the  bars  by  scraping. 
During  that  season  one  of  the  boats  W4is  employed  one  hundred  and 
twelve  days,  and  the  other  sixty-seven  days.  During  the  season  of  1^1^ 
the  low  water  again  called  for  work  on  the  part  of  the  Caffrey  early  in 
July,  and  she  prevented  any  suspension  of  navigation  by  the  largest 
boats.  Owing  to  the  rise  in  August,  the  Cafifrey  was  laid  up  on  the  8th, 
and  the  Montana  has  been  employed  in  removing  snags,  stumps,  and 
overhanging  trees.  The  successful  working  of  these  boats,  reported  in 
the  last  annual  report,  is  confirmed  by  the  experience  since  acquired.  In 
the  upper  part  of  the  river  there  are  several  small  channels  which  draw 
off  the  water  from  the  main  channel.  It  is  desirable  that  these  should 
be  closed.  For  the  improvement  of  the  Upper  Mississippi  Eiver,  operat- 
ing scraper  and  snag-boats,  (including  repairs,)  and  for  dams  to  close 
channels  injurious  to  navigation,  there  will  be  required  for  the  next  fiscal 
year  $51,000.    (See  Appendix  H  1.) 

3.  Wisconsin  River. — The  officer  in  charge  of  this  improvement  ex- 
pects to  be  able  to  present  a  full  special  report  on  the  subject  during  the 
coming  winter.  A  careful  reconnoissance  has  been  made  to  fill  in  de- 
tails which  were  not  covered  by  the  survey  of  1867.  The  maps  are  now 
nearly  completed.  A  small  steamer  has  been  purchased  for  snagging 
operations  and  has  been  put  to  w^ork  at  Portage  with  the  design  of  clear- 
ing the  channel  way  of  snags  and  leaning  trees — working  down  stream. 
A  very  great  impediment  to  navigation  now  consists  in  the  railroad  and 
wagon-road  bridges.  The  draws  are  too  narrow,  and  some  completely 
choked  with  sand.  Dams  are  required  to  free  these  draws  from  sand 
bars. 

For  the  next  fiscal  year,  for  continuing  the  operations  of  the  snag 
and  dredge  boats  and  for  building  dams,  there  will  be  required  8115,000. 
(See  Appendix  H.) 
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4.  Improving  Minnesota  River. — ^The  appropriation  made  in  1867  for 
removing  the  snags  and  bowlders  from  the  river  has  been  exhausted.  It 
is  desirable  that  the  improvement  should  be  continued,  and  for  this  pur- 
pose there  will  be  required  for  the  next  fiscal  year  $15,000.  (See  Appen- 
dix H.) 

5.  J>u  Luth  and  Bois  Fort  Reservation  road, — In  the  act  making  ap- 
propriation for  the  support  of  the  army  for  the  year  ending  June.  30, 
1870,  ten  thousand  dollars  were  appropriated  for  the  purpose  of  cutting 
out  a  road  from  Du  Luth  to  the  Bois  Fort  Indian  reservation,  in  Min- 
nesota. Although  this  money  was  not  available  until  July  1, 1869, 
steps  were  taken  to  ascertain  the  best  way  to  carry  on  the  work.  After 
an  examination  made  by  Major  Stickney,  it  was  determined  that  the 
most  judicmus  outlay  of  the  money  appropriated  would  be  to  bridge 
the  river,  improve  the  swamp  crossings  on  the  line  of  Mr.  Stuntz's  road, 
to  a  point  near  the  second  crossing  of  Vermillion  Biver,  and  thence  cut 
out  a  road  to  Pelican  Lake.  A  small  party  has  been  at  work  during  the 
present  working  season,  but  have  been  much  delayed  by  rains  and  flooded 
streams.   (See  Appendix  Hi) 

6.  Rock  Island  bridge. — By  direction  of  the  Secretary  of  War,  the 
construction  of  the  bridge  over  the  Mississippi  Eiver  at  Bock  Island  was 
placed  under  the  control  of  the  Engineer  Department,  and  General 
Warren,  on  the  10th  July,  was  assigned  to  the  immediate  charge  of  the 
work.  He  was  directed  to  submit  preliminary  estimates  of  the  cost  of 
the  bridge,  and  in  the  mean  time  to  suspend  the  execution  of  the  con- 
tracts for  the  construction  of  the  piers.  These  estimates  providing  for 
a  double-track  railroad  and  wagon  road  in  accordance  with  the  require- 
ments of  the  act  of  Congress  making  appropriation  for  the  bridge,  ex- 
ceeded the  limits  of  expenditure  prescribed  in  the  act,  and  General 
Warren  was  directed  to  go  on  with  the  construction  of  the  piers,  which 
will  admit  of  a  double-track  or  single-track  superstructure,  and  to  pre- 
pare estimates  carefully  for  superstructures  of  single-track  railroad  and 
wagon  road,  and  also  of  double-track  railroad  and  wagon  road,  with  a 
view  to  submitting  the  subject  to  Congress  for  decision.  In  his  annual 
report  General  Warren  presents  the  question  of  the  cost  of  this  bridge 
in  a  clear  light. 

Amount  appropriated $700,000  00 

Amount  required  for  next  fiscal  year 300,000  00 

(See  Appendix  H.) 

IMPROVEMENT  OP  THB  DBS  MOINES  AND  ROOK  ISLAND  RAPIDS  OF  THE 
anSSISSIPPI  RIVER,  AND  SURVEY  AND  IMPR0VE3IENT  OF  THE  ILLI- 
NOIS RIVER. 

Officer  in  charge^  Brevet  Major  General  J.  H.  Wilson,  lieutenant 
colonel  ITnited  States  Army,  assisted  by  Captain  and  Brevet  Major 
Charles  J.  Allen,  Captain  L.  Cooper  Overman,  corps  of  engineers,  and 
Lieutenant  E.  F.  Hoffman,  United  States  Army. 

1.  Improvement  of  the  Des  Moines  Rapids  of  the  Mississippi  River. — 
This  improvement  consists  in  the  construction  of  a  canal  around  the 
rapids,  and  the  work  is  naturally  divided  as  follows :  Excavation  of 
prism  and  construction  of  embankment  wall,  building  of  locks,  and  the 
excavation  of  the  Montrose  Channel.  The  completion  of  any  one  of 
these  separate  pieces  of  work  is  of  no  advantage  to  commerce  and  nav- 
igation until  all  are  finished.  Work  has  been  begun  on  the  lower 
lock,  upon  the  prism  and  embankment  wall  of  the  canal,  and  contracts 
have  been  made  for  furnishing  cement  for  the  lower  lock,  and  stone  for 
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all  the  locks.  "No  work  has  been  done  upon  the  channel  improvement 
at  Montrose,  nor  upon  the  guard  and  middle  locks,  all  the  money  now 
available  being  pledged  for  other  work. 

During  the  past  fiscal  year  the  work  has  been  carried  on  with  varied 
success  by  contract^  and  for  a  time  by  "  day's  labor.''  Owing  to  the 
failure  of  the  original  contractors  ^Henegan  &  Son)  new  proposals 
were  invited  for  the  excavation  of  tne  prism  and  the  construction  of 
the  embankment  wall  of  the  canal,  and  on  December  12, 1868,  a  con- 
tract was  made  with  Mr.  J.  J.  Dull,  the  successful  bidder. 

The  contractor  for  stone,  Mr.  Tobie,  having  failed,  a  contract  was  en* 
tered  into  with  Charles  G.  C«ase  &  Co.  to  furnish  the  necessary  stone. 

Amount  appropriated  June  23,  1866 l $200,000  00 

Amount  appropriated  March  2, 1867 500,000  00 

Amount  allotted  July  30, 1868 300,000  00 

Amount  allotted  May  11, 1869 178,200  00 

Total 1,178,200  00 

Amount  expended  to  June  30,  1869,  including  retained 
percentage .* 433,121  21 

Available  July  1, 1869 745,078  79 

Amount  required  for  the  completion  of  the  work  according 

to  revised  estimate  of  General  Wilson $1,410,000  00 

Amount  required  for  next  fijscal  year 1,000,000  00 

Owing  to  the  extraordinary  rain-fall  and  continued  high  water,  the 
progress  made  in  carrying  work  forward  has  not  been  satisfactory 
during  last  season ;  still,  much  work  has  been  done,  and  it  is  believed 
that  with  a  favorable  season  next  year,  and  with  the  necessary  appro- 
priation of  money,  the  greater  part  of  the  work  can  be  completed  by 
the  winter  of  1870-71.    (See  Appendix  I.) 

2.  Improvement  of  ike  Rock  Island  Rapids  of  the  Mississippi  River, — 
This  work  has  been  carried  on  during;  the  year  by  Messrs.  Case  &  Co., 
under  their  contract  of  June  28, 1867,  and  extension  of  ^December  2, 
1868.  From  Duck  Creek  chain  9,900  cubic  yards  of  rock  have  been 
excavated  and  removed,  substantially  completing  the  improvement,  of 
the  chain.  At  Moline  chain  the  coffer  dam  was  completed  July  30, 
3  868,  and  at  the  close  of  this  fiscal  year  16,900  cubic  yards  of  rock  were 
removed,  leaving  about  2,000  yards  lor  completion.  At  Sycamore  chain 
the  coffer  dam,  inclosing  about  forty-flv'e  acres,  was  completed  on  No- 
vember 14.  About  15,800  cubic  yards  of  rock  have  been  removed,  and 
at  the  close  of  the  fiscal  ye^r  there  were  about  1,400  yards  to  be  exca- 
vated to  complete  this  chain.  During  the  present  working  season  the 
contractors  were  greatly  delated  by  unfavorable  weather  lind  high 
stage  of  water  in  the  river.  Work  was,  however,  commenced  on  Camp- 
bell's chain,  and  the  coffer  work,  with  a  development  of  3,660  linear 
feet,  was  completed;  but  at  the  end  of  the  month  of  August  it  was  im- 
practicable to  clear  the  dam  of  water. 

Amount  appropriated  June  23,  1866 $100,000  00 

Amount  appropriated  March  2, 1867 200,000  00 

Amount  allotted  August,  1868 156,000.  Oa 

Amount  allotted  May  11, 1869 133,650  00 

Total 589,650  00 
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Amount  expended  to  Jane  30, 1869,  including  reserved 

percentage $453,193  50 

Amount  available  July  1, 1869. 136,457  50 

Amount  required  for  next  fiscal  year 300,000  00 

(See  Appendix  I.) 

3.  Survey  and  improvement  of  the  Ulinois  River. — Field  operations  on 
the  Illinois  Eiver  were  confined  to  examinations  of  sites  for  locks  and 
dams  in  connection  with  the  improvement  proposed  in  1867,  The 
General  Assembly  of  Illinois  has  directed  the  construction  of  one  lock 
and  dam  on  this  river,  to  form  the  first  link  in  the  improvement,  sub- 
stantially conforming  to  the  general  plan  previously  recommended. 
This  lock  and  dam  is  located  at  Henry,  Uliuois,  and  it  is  designed  that 
the  dam  should  be  of  such  a  height  as  will  set  the  water  back  to  a 
depth  suf^cient  to  flood  all  the  bars  at  low  water  without  dredging  be- 
tween the  dam  and  the  town  of  Utica.  To  lessen  the  height  of  the 
second  dam  contemplated  near  the  mouth  of  Copperas  Creek,  it  is  pro- 
posed to  dredge  the  bars  intervening  to  a  depth  sufficient  to  furnish 
seven  feet  of  water  in  the  pool.  The  dam  at  Henry  will  extend  the 
Illinois  and  Michigan  Canal  thirty-one  miles,  and  with  the  dredging 
proposed  will  give  Peoria,  the  most  important  city  on  the  lower  river, 
good  water  communication  with  Chicago.  This  dredging,  it  is  believed, 
can  be  accomplished  with  the  sum  of  $85,000  allotted  from  the  general 
appropriation  for  improvement  of  rivers  and  harbors,  approved  April 
10, 1869.  Amount  required  for  the  next  fiscal  year  for  the  construction 
of  one  dam  and  lock,  |300,000.    (See  Appendix  I.) 

IMPROVEMENT  OF  THE  MOUTH  OF  THE  MISSISSIPPI  RIVER. 

Officers  in  charge.  Brevet  Brigadier  General  M.  D.  McAlester,  major 
corps  of  engineers,  to  November  21, 1868 ;  Brevet  Colonel  F.  E.  Prime, 
major  corps  of  engineers,  from  November  21,  1868,  to  April  16, 1869 ; 
Lieutenant  D.  W.  Payne,  corps  of  engineers,  to  June  7,  1869,  and  since 
that  date  Brevet  Major  C.  W.  Howell,  captain  corps  of  engineers,  having 
under  his  orders  First  Lieutenants  M.  B.  Adams  and  D.  W.  Payne, 
corps  of  engineers. 

The  early  part  of  the  fiscal  year  until  the  3d  of  September  was  con- 
sumed in  completing  the  construction,  equipment,  and  delivery  at  New 
Orleans  of  a  dredge-boat  specially  designed  for  this  work  by  Brevet 
Brigadier  Greneral  M.  D.  McAlester,  then  in  charge.  On  the  3d  of  Sep- 
tember this  dredge-boat  (the  Essayons)  commeiiced  work  on  the  bar  at 
the  mouth  of  Pass  h  Loutre,  and  from  that  time  until  the  18th  of  June, 
1869,  was  employed  sixty-nine  and  a  half  working  days  in  dredgiug  a 
channel  through  the  bar.  As  the  result  of  this  labor,  the  depth  of 
water  on  the  bar  was  increased  from  eleven  feet  six  inches  to  seventeen 
feet  eighWnches,  and  a  clear,  direct  channel,  175  feet  wide  at  the  nar- 
rowest part  and  seventeen  feet  eight  inches  in  depth,  made  available 
for  commerce  on  the  18th  of  June.  The  work  was  not  as  continaous  as 
could  have  been  desired,  owing  to  accidents  to  the  machinery  and  conse- 
quent delays  which  could  not  be  foreseen  and  guarded  against ;  nor  wa« 
it  at  any  time  sufficiently  uninterrupted  to  obtain  the  maximum  depth 
(twenty  feet)  for  which  the  dredge  is  calculated,  and  which  experience 
has  shown  it  can  obtain  and  preserve  by  continuous  work.  The  dredge- 
boat  will  be  laid  up  at  New  Orleans  during  the  sickly  season  and  thor- 
oughly repaired.  Such  alterations  and  additions  to  her  machinery  as 
have  been  shown  to  be  desirable  and  essential  to  her  future  success  will 
also  be  made.  The  plan  of  improvement  adopted  (by  the  use  of  the 
double-ender  dredge-boats,  fitted  with  an  excavating  screw  and  rake 
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or  scraper)  has  proved  to  be  the  best  heretofore  attempted,  acd  if  fully 
carried  out  will  produce  the  result  desired,  viz :  the  permanent  opening 
of  the  Mississippi  Eiver  to  vessels  of  great  draught.  To  fully  carry  out 
the  plan  it  will  be  necessary  to  build  the  second  of  the  two  dredge- 
boats  authorized  by  the  joint  resolution  of  Congress,  approved  March 
29. 1S67,  and  employ  her  on  the  work  in  conjunction  with  the  boat  al- 
ready so  employed. 

During  the  fiscal  year  the  barge  Cavallo  was  purchased  as  a  tender 
to  the  Essayons,  and  an  end  dock  built  for  the  repair  of  the  dredging 
screw.    Both  are  in  good  condition. 

It  is  desirable  that  measures  be  taken  for  guarding  the  channel  exca- 
vated from  damage,  which  may  be  caused  by  vessels  grounding  on  its 
sides — an  event  that  may  occur  from  carelessness  or  from  crowding  the 
narrow  channel. 

The  allotment  for  the  current  fiscal  year,  added  to  the  unexi)ended 
balance  on  hand,  amounts  to  $57,887  51.  During  the  next  fiscal  year 
$365,000  can  be  profitably  expended  upon  the  work,  and  is  absolutely 
essential  to  its  complete  success.  Of  this  amount  $275,000  is  estimated 
for  the  construction  and  delivery  of  the  second  of  the  two  dredge-boats 
authorized,  $70,000  for  working  expenses,  repairs,  &c.,  of  the  dredge- 
boat  Essayons,  and  $20,000  for  working  expense^  of  the  second  dredge- 
boat  for  three  months.    (See  Appendix  J.) 

SUBVEY  OP  THE  MOUTH  OF  THE  ST.  JOHN^S  EIVEE,  FLOEIDA. 

To  comply  with  a  request  from  the  Committee  on  Commerce  of  the 
^nate,  asking  for  ^^  estimates  of  the  expense  of  deepening  the  channel 
of  the  St.  John's  Eiver,  Florida,  so  that  it  will  answer  the  demands  of 
commerce,''  Brevet  Major  General  ^.  A.  Gillmore,  corps  of  engineers, 
was  instructed  to  cause  a  survey  and  examination  of  that  locality  to  be 
made,  with  the  view  of  obtaining  the  latest  requisite  information  to  be 
laid  before  the  cgmmittee.  General  Gillmore  proposes,  in  his  report  of 
this  survey,  in  preference  to  other  more  expensive  projects  which  have 
been  heretofore  suggested  for  the  improvement  of  this  entrance,  to  try 
the  simple  plan  of  deepening  the  channel  by  rei)eated  dredgings  or  Tak- 
ings during  the  strongest  stage  of  the  ebb  current,  as  promising  at  least 
a  fair  measure  of  success  at  a  comparatively  small  cost.  He  thinks  that 
a  constant  minimum  depth  of  at  least  ten  feet  at  mean  low  water,  with 
a  width  sufficient  for  the  purposes  of  navigation,  may  be  secured  on  the 
bar  at  a  cost  not  exceeding  $10,000  per  year,  and  that  the  merits  of  the 
method  proposed  may  be  tested  at  an  expenditure  of  not  exceeding 
$5,000.  The  project  seems  to  meet  the  present  wants  of  commerce  and 
navigation,  and  it  would  be  advisable  to  make  the  small  appropriation 
recommended.  This  method,  however,  of  improving  the  depth  of  water 
on  the  bar  should  be  considered  as  purely  experimental,  and  if^t  be  suc- 
cessful it  will  only  afford  temporary  relief:  for  experience  has  shown  that 
if  the  channel  through  the  bar  is  not  fixed  but  is  ever  changing,  depend- 
ing upon  the  force  and  direction  of  the  stonns^  even  apart  from  the  con- 
sideration of  the  effects  of  storms,  the  deepening  must  be  continuous  to 
maintain  the  depth  when  once  secured.    (See  Appendix  K.) 

IMPEOVEMENT  OF  THE  NAVIGATION  OP  THE.  FALLS  OF  THE  OHIO,  AND 
ENLARGEMENT  OF  THE  LOUISVILLE  AND  PORTLAND  CANAL — IMPROVE- 
MENT OF  THE  TENNESSEE  RIVER. 

Officer  in  charge,  Brevet  Major  General  G.  Weitzel,  major  corps  of 
engineers. 

1.  JDams  at  the  Falls  of  the  Ohio. — ^An  allotment  of  $85,000  was  made 
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from  the  appropriation  of  Jnly  25^  1868,  for  the  construction  of  a  crib 
dam  across  the  crest  of  the  rocks  m  front  of  Louisville  to  raise  the  low- 
water  mark  about  three  feet.  In  consequence  of  high  water  the  neces- 
sary surveys  and  soundings,  to  determine  the  best  position  for  the  two 
dams  at  the  head  and  foot  of  the  falls,  could  not  be  finished  in  time  to 
commence  work  before  the  winter  set  in.  But  at  the  date  of  this  report 
contracts  had  been  awarded  for  material  and  labor  for  the  upper  dam, 
nearly  all  the  material  has  been  received,  and  the  work  upon  that  dam 
begun.    (See  Appendix  L.) 

2.  Enlargement  of  the  Louisville  and  Portla7id  Canal. — An  allotment  of 
$180,000  from  the  appropriation  of  April  10, 1869,  for  the  improvement 
of  harbors  and  rivers,  has  been  made  to  be  applied  to  the  completion  of 
the  Louisville  and  Portland  Canal.  The  United  States  are  Virtually  the 
owners  of  this  canal,  and  the  work  of  enlargement  being  still  unfinished, 
and  the  wants  of  commerce  imperatively  demanding  the  completion  of 
this  enterprise,  it  became  a  question  whether,  in  view  of  the  terms  of  the 
resolution  of  Congress  of  1860,  authorizing  the  president  and  du-ectors 
of  the  company  to  enlarge  the  canal,  using  therefor  the  revenues  and 
credits  of  the  company,  any  portion  of  this  appropriation  for  rivers  and 
harbors  could  be  applied  to  the  work  of  enlargement,  or  in  any  manner 
towards  the  improvement  of  the  canal  until  the  five  individual  share- 
holders transfer  to  the  United  States  all  the  right,  &c.,  they  now  hold 
in  trust. 

Although  the  subject  has  been  frequently  brought  to  the  attention  of 
Congress,  yet  no  act  or  resolution  has  ever  been  passed  specifically  ac- 
cepting tne  conditions  of  the  act  of  the  legislature  of  Kentucky  of  1842. 
(for  the  sale  to  the  United  States  of  the  shares  belonging  to  individuals,) 
and  authorizing  or  directing  any  officer  of  the  United  States  to  receive 
the  bonds  held  by  the  trustees  and  assume  the  control  of  the  canal. 
These  individual  shareholders,  now  composing  the  Louisville  and  Port- 
land Canal  Company,  deem  it  their  duty  not  to  surrender  their  trust 
unless  the  United  Ste-tes  assume  the  indebtedness  of  the  company, which, 
up  to  this  time,  it  has  not  done,  and  virtually  refuses  to  do.  While  this 
anomalous  condition  of  things  continues — five  individuals  holding 
United  States  property  in  trust  by  authority  of  the  legislature  of  a  State, 
and  controlling  public  property  which  has  cost  millions,  and  still  unable 
to  complete  the  canal  improvement  without  increasing  its  debt- — the 
heavy  tax  upon  the  commerce  of  our  most  important  rivers  is  continued, 
and  the  navigation  of  the  Ohio  is  most  seriously  obstructed. 

The  only  practicable  mode  of  reaching  the  end  in  view  appears  to  be 
annual  appropriations  from  Congress  until  the  work  is  finished  5  the  tolls 
of  the  canal  being  used  for  the  payment  of  its  working  expenses,  and 
the  absorption  of  its  debt,  which  they  ai-e  adequate  to. 

The  subject  was  laid  before  the  Secretary  of  War  with  the  opinion 
thatj  after  e>areful  examination  and  consideration,  an  allotment  of  some 
portion  of  the  appropriation  could  be  made  for  the  enlargement  of  the 
canal,  which  recommendation  met  with  his  approval,  and  the  officer  in 
charge  was  directed  to  apply  the  whole  of  this  allotment  and  whatever 
might  be  left  from  the  first  allotment,  after  the  upper  dam  across  the 
river  was  built,  to  this  object. 

It  is  proposed  with  this  allotment  first  to  enlarge  and  improve  the  en- 
trance to  the  head  of  the  canal  as  far  as  the  upper  guard  gates,  and  then 
to  apply  whatever  balance  there  may  be  to  opening  the  new  locks  into 
the  main  trunk  of  the  canal.  The  material  for  the  work  upon  the  dam 
at  the  head  of  the  canal  has  been  purchased  and  the  work  begun,  and 
bids  have  been  invited  for  the  excavation  required  inside  of  this  dam. 
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Amonnt  expended  dnmg  the  fiscal  year  fi>r  the  dam  at 
thefaUs $26,054  47 

Balance  on  hand  and  in  treasniy.  July  1, 1869 238, 945  53 

Estimated  cost  of  Louisville  and  Portland  Oanal  exten- 
sion         933, 500  00 

For  two  dams  and  one  lock  across  the  &lls  of  the  river 
at  Louisville 310, 000  00 

1,243,500  00 
Allotted  from  appropriations  of  1868  and  1869 265, 000  00 

Total  required 978, 500  00  . 

Bequired  for  the  fiscal  year  ending  June  30, 1871,  and 
which  can  be  profitably  expended $450, 000  00 

(See  Appendices  L  and  L  1.) 

3.  Improvement  of  the  Tennessee  Biver. — ^During  the  present  season  the 
work  upon  this  improvement  has  been  at  the  three  points  between 
Chattanooga  and  Decatur,  where  the  chief  impediments  to  steamboat 
navigation  in  that  part  oi  the  river  are  found — ^Tumbling  Shoals,  the 
Suck,  and  the  Pot.  A  contract  Aas  been  entered  into  and  the  work  at 
tiie  Suck  has  been  prosecuted  as  vigorously  as  the  stage  of  water  during 
the  season  permitted :  and  it  is  hoped  that  all  the  work  required  at  these 
points  wUl  be  completed  this  year. 

The  officer  in  charge  renews  his  recommendation  for  an  appropria- 
tion of  $500,000  towards  the  enlargem^it  of  tibie  old  canal  between 
Lamb's  and  Campbell's  ferries  as  being  of  the  first  importance  in  con- 
nection with  the  removal  of  the  obstacles  to  the  navigation  of  tiie  river, 
and  asks  for  the  sum  of  $10,000  for  additional  surveys  for  the  purpose 
of  forming  estimates  of  cost  of  canals  around  the  Elk  Biver  and  Little 
Muscle  Shoals. 

Amount  allotted  to  Tennessee  Biver  improvement : 

From  appropriation  of  July.  1868 $85, 000  00 

From  appropriation  of  April,  1869 40,500  00 

Total 125,500  00 

Expended  during  the  fiscal  year 15, 209  69 

Balance  on  hand  July  1, 1869 110,290  31 

(See  Appendices  L  2  and  L  3:) 

IHPBOVBHENT  OF  WESTEBN  BIVERS,  EXOEPTINi}  THE  OHIO. 

Officer  in  charge.  Colonel  J.  N.  Macomb,  corps  of  engineers,  assisted 
by  Brevet  Mtypr  O.  E.  Suter,  captain  corps  of  engineers. 

1.  ComtruoHon  of  mag-boats  amd  maehinery. — ^At  the  commencement  of 
the  fiscal  year,  July  1,  1868,  the  three  double-hulled  snag-boats,  viz., 
the  J.  J.  Abert,  the  S.  H.  Long,  and  the  E.  E.  De  Eussy,  had  been  but 
a  short  time  in  service,  but  had  given  promise  of  the  good  work  that  this 
year's  record  shows  for  them.  Li  the  course  of  the  year,  one  snag-boat, 
the  S.  Thayer,  and  one  dredging-boat,  the  Octavia,  have  been  added  to 
the  list.  The  snag-boat  is  of  light  draught,  and  was  built  for  use  in  the 
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Arkansas  Biver.    The  dredging-boat  was  purchased,  having  been  fonnd 
upon  trial  to  be  well  adapt^  to  this  service. 

2.  JSxaminatwns  and  surveys. — ^During  the  summer  of  1868  a  partial 
survey  of  the  lower  part  of  the  Missouri  Biver  was  made.  During  the 
past  winter  a  carefiil  reconnaissance  was  made  and  mapped  of  the  Mis- 
sissippi Biver  continuously,  with  but  few  breaks,  from  Alton,  Illinois,  to 
Grand  Gulf,  Mississippi.  During  the  present  season  a  similar  reconnais- 
sance has  been  pushed  up  the  Missouri,  which  has  been  mapped  from 
the  moul^  to  Yankton,  Dakota.  These  maps  are  for  the  use  and  guid- 
ance of  the  operations  for  the  improvement  of  the  navigation  of  tiiese 
rivers. 

A  surveying  party,  in  charge  of  Mr.  S.  T.  Abert,  civil  engineer,  has 
been  organized  for  the  survey  of  the  Arkansas '  feiver.  The  survey 
was  begun  at  Fort  Gibson  and  continued  to  Little  Bock,  a  distance  of 
three  hundred  miles.  The  final  report  will  show  the  results  of  this  sur- 
vey under  the  heads  of  the  physics  and  hydraulics  of  the  river.  (For 
preliminary  report  see  Appendix  M.) 

3.  Improvement  of  the  Mississippi^  Missouri^  and  ArJcansas  Rivers. — ^This 
has  consisted  inremo\dng  and  destroying  snags,  cutting  trees  to  prevent 
the  formation  of  snags^  and  in  dredging  bars  in  these  rivers,  and  has 
been  pushed  forward  vigorously  during^  the  last  fiscal  year  by  laying  out 
the  field  into  districts  and  keeping  the  boats  at  work  as  nearly  together 
as  possible,  so  as  to  admit  of  more  easy  supervision.  In  this  way  a  large 
amount  of  work  was  done  on  the  Mississippi  during  the  winter  and  on 
the  Missouri  during  the  summer.  The  work  on  the  Arkansas,  requiring 
a  boat  of  very  light  draught,  was  begun  as  soon  as  the  boat  was  ready 
for  service,  and  has  continued  with  good  progress  since  the  mont^  ot 
May,  1S69.  The  most  sanguine  expectations  as  to  the  success  of  the 
boats  in  this  service  for  the  past  year  have  been  realized,  and,  while 
they  have  all  done  remarkably  well,  they  have  demonstrated  the  neces- 
sity of  having  more  boats,  and  particularly  some  of  lighter  draught  of 
water. 

There  is  a  practical  difficulty  in  combining  the  great  strength  which 
it  is  desirable  that  a  snag-boat  should  possess  with  the  lightness  of 
draught  requisite  for  working  at  the  lowest  stage  of  water,  when  the 
most  dangerous  snags  become  visible.  Since  these  boats  began  to  ope- 
rate changes  have  been  made  in  points  of  minor  detail  which  have 
simplified  and  expedited  the  process  of  destroying  snags  and  at  the  same 
time  shown  the  feasibility  of  making  a  lighter  draught  boat  that  will  do 
the  work  effectively. 

An  account  in  detail  of  the  localities  at  which  the  snag-boats  were 
employed  will  be  found  in  Appendix  M. 

The  following  is  a  recapitulation  of  the  work  done  during  the  year 
ending  June  dO,  1869 : 


Nam*  of  nag  boata. 


J.J.  Abert 

S.  H.  Long 

B.  E.  De  VtxOKj 
S.  Thayer 

Orand  total 
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928 

SO 


S,697 


ua  o  9 
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None. 
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None. 
None. 
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Amonnt  required  for  the  next  fiscal  year : 

Bepairs  of  snag  and  dredge  boats,  and  working  the  same 
during  the  remainder  of  the  present  fiscal  year f  166, 000  00 

For  current  expenses  of  the  same  during  the  fiscal  year 
ending  June  30, 1871 255, 000  00 

Total 421,000  00 

For  building  three  additional  boats,  and  for  operating  the 
same  during  the  fiscal  year  ending  June  30, 1871 ... 329, 000  00 


V 


\. 


Grand  total 750,000  00 

(See  Appendix  M.)  , 

±AN&AB  CITY  BBIDOE. 

Upon  the  representation  of  owners,  captains,  and  pilots  of  boats  nav- 
igating the  Missouri  Biver,  and  others  interested,  that  the  b4dge  about 
to  be  built  across  the  Missouri  at  Kansas  City  greatly  endangered  navi- 
gation ^t  all  times,  but  esx>ecially  during  high  water,  and  was  not  pass- 
able with  any  degree  of  safety,  with  the  view  of  obtaining  all  the  facts 
of  the  case,  Colonel  Macomb,  corps  of  engineers,  in  charge  of  western 
river  improvements,  was  directed  to  cause  the  necessary  examination  to 
be  made.  The  report  of  Brevet  Major  C.  E.  Suter^  captain  corps  of 
engineers,  upon  this  subject,  will  be  found  in  Appendix  M  1. 

BIVEB  CHAimELEBS  OB  EXOAVATOBS. 

A  plan  proposed  by  Brevet  Msgor  0.  W.  Howell,  corps  of  engineers, 
for  channeling  through  the  sand-bars  whieh  obstruct  the  navigation  oi 
the  western  rivers,  with  a  description  of  the  machine  devised  for  the 
purpose,  will  be  found  in  Apx)encQx  M  2. 

WASTE  LANDS— MISSISSIPI  BIVEB. 

By  a  resolution  of  the  House  of  Bepresentatives  of  February  6, 1869, 
the  Secretary  of  War  was  requested  to  furnish  the  House  with  a  copy 
of  a  memoir  addressed  to  him  by  Brevet  Brigadier  General  B.  S.  Boberts, 
ITnited  States  Aimy,  upon  the  i|ubj.ect  of  draining  the  surplus  watersof 
the  lakes  into  the  IJpper  Mississippi,  Illinois,  and  Ohio  rivers,  and  of 
reclaiming  the  waste  lands  of  the  Lower  Mississippi. 

This  resolution  was  referred  to  this  office  by  the  Secretary  of  War  for 
a  reiK)rt  upon  the  merits  of  the  plan  proposed  by  Grenersd  Boberts. 

Copies  of  my  letter  to  hini,  of  the  memoir  in  question,  and  of  a  oom- 
municationtnade  by  me  in  February,  1866,  to  General  Delafield,  then 
Chief  of  Engineers,  upon  the  feasibility  and  exx>ediency  of  carrying  into 
effect  the  views  presented  in  the  memoir,  will  be  found  in  Appendix  M  3 
to  this  report. 

LEVEES  OF  THE  MISSISSIPPI  BIVEB. 

In  reply  to  an  inquiry  from  the  chaiiman  of  the  Committee  on  Com* 
merce  of  the  Senate  as  to  the  probable  costtof  building  and  repairing 
the  levees  of  the  Mississippi  in  the  States  of  Louisiana,  Mississippi  ana 
Arkansas,  with  the  view  of  protection  from  overflow,  an  estimate  was 
prepared  by  Brevet  Biigadiev  General  H.  L.  Abbot,  miyor  corps  of  engi- 
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neers,  to  wliom  the  subject  was  refened.    This  estimate  and  his  i^wrt 
will  be  found  in  Appendix  M  4,  in  which  I  Mly  concur.  . 

IMPBOYEMEKT  OF  THE  OHIO  SIYEB. 

In  charge  of  W.  Milnor  Boberts,  United  States  civil  engineer,  and 
temporarily  of  Brevet  Mtyor  General  G.  Weitzel,  mtyor  of  engineers. 

The  survey  of  this  river,  referred  to  in  the  last  annual  report  as  being 
in  progress,  has  been  completed.  The  whole  distance  from  Pittsburg 
to  Cairo  has  been  found  to  be  nine  hundred  and  sixty-seven  poiiles,  two 
hundred  and  seventy-one  miles  of  which  was  surveyed  between  the  years 
1836  and  1844.  The  results  of  the  survey  are  comprised  in  one  hundred 
and  eighteen  charts,  drawn  to  a  scale  of  one  thousand  feet  to  the  inch, 
which  contain  very  valuable  imformation,  as  well  in  the  interest  of  eom- 
merce  as  for  navigation.  Work  upon  the  riprap  dams,  for  the  improve- 
ment of  the  low- water  navigation  has  progi-essed  satisfactorily,  though 
in  some  instances  it  was  retarded  by  the  high  stage  of  water.  Con- 
tracts were  made  for  dams  at  three  of  the  most  dimcult  points  below 
Cincinnatij  and  the  work  upon  them  will  be  commenced  as  soon  as  the 
necessary  preparation  can  be  made.  There  are  several  points  below 
Louisville  where  improvement  is  urgently  required.  A  system  ot  lights 
to  aid  navigation  at  the  Grand  Chain  is  recommended  by  the  engineer 
in  charge,  and  land  marks  at  other  points  he  considers  desirable.  Hie 
operations  of  the  snag-boats  have  been  somewhat  retarded  by  the  high 
water ;  they  have,  however,  performed  very  satisfactory  work  in  the 
removal  of  obstructions  to  navigation  caused  by  wreck,  stumps,  logs,  &c. 

Certain  parties  representing  the  interests  of  Bridgeport^  Ohio,  oppo- 
site Wheeling,  having  made  representations  respecting  the  injury  which 
they  anticipate  would  be  done  to  Bridgeport  by  the  construction  of  the 
proposed  dam  at  the  head  of  Wheeling  Island,  across  the  Ohio  Channd, 
the  engineer  in  charge  was  instructed  to  defer  the  construction  of  the 
dam  until  an  examination  of  the  locality  could  be  made  at  a  low  stage 
of  the  river.  The  report  of  the  engineer  in  charge  upon  the  subject  will 
be  found  in  Appendix  N  1. 

Citizens  of  Marietta,  Ohio,  having  also  remonstrated  against  the  erec- 
tion of  the  dam,  as  prox)osed,  at  that  place,  a  report  upon  the  subject 
was  also  required  of  the  engineer  in  chiurge.    (See  Appendix  N*  2.) 

The  engineer  in  charge  estimates  for  continuing  the  improvement  of 
the  river  during  the  next  fiscal  year,  $389,000.    {Soe  Appendix  K.) 

IMPBOVEHENT  OP  THE  PATAPSCO  BELOW  FOBT  MCHENBY,Aia>  OP^  THE 

SUSQUEHANNA  BELOW  HAVBE  DE  GBAOE. 

Officer  in  charge.  Brevet  Brigadier  Oeneral  J.  H.  Simpson,  colonel 
corps  of  engineers;  assistant,  Mrst  Lieutenant  William  RfLivermore, 
corps  of  engineers. 

1.  Improvement  of  the  Patapsco. — ^The  work  of  widening  and  deepening 
the  new  cut  or  Craighill  Channel  was  vigorously  prosecuted  last  year, 
till  the  first  of  November,  when  the  three  dredges  were  removed  to  the 
upper  entrance  of  the  Brewert#n  Channel,  where  they  were  efficiently 
engaged  untQ  tiie  10th  of  December,  when,  on  account  of  rough  weather, 
they  were  withdrawn.  Operations  were  resumed  this  year,  June  4,  on 
the  Craighill  Channel,  and  at  the  date  of  this  report  it  has  be^n  completed 
from  Seven  Foot  Knoll  to  a  little  below  Belvidere  Shoals,  with  a  width 
of  two  hundred  feet  and  depth  of  twenty-one  feet  below  mean  low  water. 
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Amomit  available  Julyl,18«8 $3,982  84 

Allotted  from  appropriation  of  1868 17,000  00 

Allotted  from  appropriatiOTi  of  1809 27,000  00 

Total 47,982  84 

Amount  expended  during  the  fiscal  year $26, 056  65 

Amount  required  to  widen  tbe  Brewerton  Channel  to  a 
width  of  two  hundred  feet  and  a  depth  of  twenty-two  feet, 
from  Fort  McHenry  to  its  intersection  with  the  Craighill 

Channel 168, 900  00 

Eequired  for  the  fiscal  year  ending  June  30, 1871 75, 000  00 

(See  Api>endix  O.) 

2.  Improvemefnt  af  the  Susgudumna  beUno  Havre  de  Grace, — ^The  deflec- 
tor at  the  mouth  of  the  river  was  stiffened  and  replaced  in  November, 
but  was  broken  by  a  severe  storm  one  week  afterwards.  The  officer  in 
charge  renews  the  recommendation  for  a  i>ermanent  structure  of  de- 
tached cribs  of  timber  and  stone  at  an  estimated  cost  of  about  $40,000, 
from  which  might  be  deducted  the  available  value  of  the  timber  now  on 
hand  in  the  deflector,  say  $8,000. 

Amount  available  July  1, 1868 $13,500  95 

Allotted  from  appropriation  of  1868 5,000  00 

Allotted  from  appropriation  of  1869 1,000  00 

Derived  from  sales  of  property  during  the  year 534  40 

Total 20,038  35 

Expended  during  the  fiscal  year $18,725  86 

Bequired  for  the  fiscal  year  ending  June  30, 1871 32, 000  00 

(See  Appendix  O:) 

GONSTBUCTION  OF   THE  DEULWAKB  BBEAEWATEB,  IKBLAWABE;  AKD 
IMPSOVEMBNT  OF  THE   HASBOB.  MOt  MABOUS  HOOK^  BBNNSYLVANIA. 

Of&cer  in  charge,  Lieutenant  ColoDel  C.  S.  Stewart,  corps  of  engineers. 

1.  Delaware  Breakwater. — ^From  July  1^  1868,  to  June  30, 1869,  labor 
has  been  hired  by  days'  work,  owing  to  the  failure  of  tiie  contractor. 
The  first  contractors  for  stone  filled  their  contract  on  the  6th  of  October, 
1868.  Under  a  new  contract,  made  September  12  of  that  year,  sloiid 
was  delivered  in  the  following  October.  During  the  fiscal  year  9,040 
tons  of  stone  for  the  superstructure  have  been  put  in  place,  and  9,271 
X)erches  of  small  stones  thrown  in  to  protect  the  foot  of  slopes  and  fill 
holes  in  bed,  at  the  extremities  of  the  works  ^  217  running  feet  of  the 
superstructure  have  been  completed,  at  the  east  end  of  the  breakwater, 
and  281  at  the  corresponding  end  of  the  ice-breaker.  It  is  expected  that 
the  work  will  be  completed  this  season. 

Expended  during  the  year $80, 797  57 

Available  fw  the  year  ending  June  30, 1870 62, 901  70 

(See  Appendix  P.) 

2.  Harbor  of  Marcus  Hoohy  Pennsylvania* — ^The  platforms  have  been 
placed  on  two  cribs,  completing  the  wood-work  for  two  piers,  and  two 
cribs  have  been  sunk  in  position.    One  of  these  has  not  yet  been  entirely 
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filled  with  rabble  stone.  It  is  expected  to  begin  the  constraction  of  the 
stone  saperstructure  for  two  piers  this  season,  and  it  is  supposed  the 
four  piers  may  be  completed  during  the  year,  l^o  appropriation  is 
asked. 

Expended  during  the  year  ending  June  30, 1869 f  9, 039  73 

Available  for:year  ending  June  30, 1870 59,021  36 

(See  Appendix  P.) 

HUDSON  BIVEB  IHPBOYEMENTS,   AND  BEMOYAL  OF  OBSTBUOTIONS  IN 

NEW  YOBK  HABBOB. 

OflScer  in. charge,  Brevet  Major  Greneral  John  Newton,  lieutenant 
colonel  of  engineers,  assisted  by  Brevet  Lieutenant  Colonel  John  M. 
Wilson,  and  First  lieutenants  A.  M.  Miller  and  A.  N.  Lee,  corps  of 
engineers. 

Hudson  River. — ^During  the  fiscal  year  ending  June  30, 1869,  the  new 
dikes  at  Cedar  Hill  and  Cow  Island  have  been  completed,  costing,  re- 
spectively, $49,970  77  and  $30^476  13.  The  former  is  5,739  feet  long, 
and  the  latter  3,960.  The  effect  of  these  dikes  has  been  to  increase  the 
depth  of  water  over  Cedar  Hill  Bar  from  7.6  to  9.2  feet.  Cedar  Hill  Bar 
was  rormerly  a  serious  obstacle,  and  it  is  now  supposed  that  little  or  no 
dredging  will  be  required. 

A  contract  was  made  in  the  spring  of  1868  for  the  removal  of  the  old 
State  dam,  located  just  below  Cedar  Hill.  Owing  to  &iilure  of  contrac- 
tor, the  work  was  carried  on  by  hired  labor.  I^our  thousand  cubic  yards 
of  stone,  sai^d,  and  timber  have  been  removed,  and  the  remaining  debris 
so  scattered  that  probably  no  further  removal  will  be  required. 

The  contract  for  removing  the  face  of  Mull's  Island  has  been  completed. 
One  hundred  and  fifty-eight  thousand  cubic  yards  were  removed  during 
the  working  season  of  1868. 

The  Coeymans  dike  has  been  prolonged  along  the  face  of  Mull's  Island  * 
for  1,640  feet,  and  it  is  expected  that  this  dike  will  be  extended  so  as  to 
connect  with  the  Kew  Baltimore  dike  during  the  present  season. 

Widening  the  channel  between  Barren  and  Mull's  Islands  has  not  only 
increased  the  flow  of  water,  but  has  also  increased  the  depth  of  water 
in  the  channel  along  the  upper  part  of  JS^ew  Baltimore  dike. . 

It  is  expected  that  still  greater  improvement  will  be  effected  by  the 
projected  dredging  at  the  Coeymans  Crossover,  and  in  front  of  the  New 
Baltimore  dike. 

General  Newton  anticipates  the  necessity  for  some  changes  in  the  plan 
of  the  New  Baltimore  dike,  a  strong  and  substantial  structure  5,900 
feet  long,  built  by  the  commissioners  of  the  State  of  New  York  5  but 
before  indicating  any  modifications,  will  observe  the  effects  of  the  pres- 
ent works  and  contemplated  dredging  at  Mull's  Island  and  Coeymans 
Crossover. 

Cuyler's  dike  has  been  prolonged  1,664  feet,  to  deflect  the  current  and 
throw  it  into  the  proper  channel  leading  towards  Overslaugh  dike. 

At  Eoah  Hook  a  dike  has  been  constructed  to  deflect  the  water  into 
the  eastern  channel  at  Barren  Island.  It  has  a  length  of  1,814  feet,  and 
cost  at  the  rate  of  $10  10  per  linear  foot.  At  Parda  Hook  a  dike  has 
been  commenced  to  deflect  properly  the  current  over  Cedar  Hill  Bar, 
and  protect  the  shores.  The  extension  of  this  dike  rendered  it  neces- 
sary to  dredge  a  new  channel;  and  a  contract  for  this  purpose  has  been 
made.  An  extension  of  the  CasUeton  dike  northward  has. also  been 
eommenced,  and  will  be  completed  during  the  present  working  season. 
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Amonnt  available  Jnly  1, 1868,  of  appropriations  of  1866, 
1867,  for  improving  Hudson  Eiver $179, 395  96 

Amonnt  expended  during  year  ending  June  30, 1869,  in- 
cluding amount  retained  for  internal  revenue 161, 616  59 

Amount  available  July  1, 1869 17, 779  37 

Amount  allotted  from  general  appropriation  tor  repairs, 
&C.,  approved  July  25, 1868. 86, 000  00 

Amount  aUotted  from  general  appropriation  for  improve- 
ment, &c.,  approved  April  10, 1869 89, 100  00 

Total  available  July  1, 1869 191,879  37 

Amount  required  to  complete  the  improvement  of  Hudson 
Biver  according  to  plan  submitted '. .    466, 402  11 

Amount  necessary  to  be  appropriated 274, 522  74 


1^ 


Amount  required  for  next  fiscal  year,  and  which  can  be 

profitably  expended $100, 000  00 

To  dredge  and  keep  open  the  channel  between  Albany  and 
Troy  will  probably  require  an  annual  expenditure  of 
about 20, 000  00 

The  permanent  improvement  of  that  section  of  the  river  is  considered 
by  the  engineer  of&cer  in  charge  of  doubtful  practicability.  (See  Ap- 
pendix Q.) 

Mell  &ate,  East  Biver ^  New  Yorh—Atber  the  allotment  of  $85^000  had 
been  made,  July  31, 1868,  from  the  general  appropriation  for  nver  and 
harbor  improvements,  approved  July  25, 1868,  new  surveys  of  Frying 
Pan  and  Pot  Bock  were  at  once  undertaken  in  order  to  determine  the 
amount  of  rock  to  be  removed  to  give  a  depth  of  twenty-fiva  feet  at 
mean  low  water.  Proposals  were  invited,  and  a  contract  for  the  removal 
of  these  rocks  was  awarded  to  Mr.  Sidney  E.  Shelbume,  the  lowest  bid- 
der. After  many  delays,  and  some  modifications  in  his  machinery,  the 
contractor  commenced  work  upon  Frying  Pan  Bock  on  or  about  the  15th 
of  January,  1869.  Several  holes  were  drilled  into  the  rock,  but  the  ma- 
chine was  finally  laid  aside  by  the  contractor  with  a  view  to  constructing 
another  of  greater  capacity.  The  time  of  the  contract  for  the  removal 
of  these  rocks  was  extended  to  August  15, 1869,  but  up  to  the  close  of 
the  fiscal  year  no  real  progress  had  been  made  in  the  work. 

On  tiie  11th  May.  1869,  an  additional  allotment  of  (178,200  was  made 
for  the  East  Biver  n*om  the  general  appropriation  for  the  improvement 
of  rivers  and  harbors,  approved  April  10,  1869.  A  contract  was  then 
made  with  Maillefert  &  Co.  for  the  removal  of  Pot  Bock,  Way's  Beef, 
and  SheUdrake,  at  the  rate  of  $44  28  per  cubic  yard.  For  the  further 
improvement  of  the  navigation  at  Hell  Gate  the  engineer  officer  in 
charge  submitted  a  project  for  the  removal  of  Hallett's  Point,  and  also 
one  for  the  removal  of  the  channel  rocks.  At  the  close  of  the  fiscal 
year  initiatory  steps  were  accordingly  taken  towards  the  prosecution  of 
this  portion  of  the  work.  Surveys  have  been  made  of  Pot  Bock,  Fry- 
ing Pan,  and  Way's  Beef  in  Hell  Gate,  and  also  of  a  great  part  of 
Diamond  Beef. 
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Amount  allotted  fi?om  general  appropriation  of  July  25, 

1868 $85,000  00 

Amount  allotted  from  general  appropriation  of  April  10, 

1869 178,200  00 

Total 263,200  00 

Amount  expended  to  June  30, 1869 6, 135  62 

Amount  available  July  1, 1869 .  •  257, 064  38 


l^e  work  now  in  progress  will  absorb  all  the  available  funds.  The 
amount  which  can  be  profitably  expended  during  the  next  fiscal'  year  is 
$400,000.    (See  Appendix  Q  1.) 

Improvement  of  the  harbor  of  Bondoutj  Hudson  Biver^  New  York. — ^Under 
a  resolution  of  the  House  of  Bepresentatives  of  the  28th  January,  1869, 
information  was  required  in  reference  to  the  improvement  of  Boundout 
Harbor,  New  York.  To  comply  therewith  Brevet  Major  General  New- 
ton was  directed  to  submit  a  project  for  this  improvement,  with  an  esti- 
mate of  cost.  He  recommends  a  system  of  dikes  to  direct  the  down 
currents  of  Bondout  Greek  and  of  the  Hudson  in  such  a  manner  as  to 
insure  the  co-operation  of  both  in  the  transport  of  silt  away  from  the 
mouth  of  the  harbor,  and  thereby  maintain  a  navigable  channel  of  suffi- 
cient width.  Some  dredging  might  likewise  be  necessary.  He  estimates 
that  to  insure  the  fuU  i)ermanent  improvement  of  which  the  localil^  is 
susceptible,  and  to  secure  a  depth  of  water  from  thirteen  to  fourteen 
feet  at  mean  low  water,  would  require  an  expenditure  of  $132,665  56. 
(See  Appendix  Q  3.) 

Bevnoval  of  the  wreck  of  the  steamer  Scotland  in  New  York  Harbor. — 
An  appropriation  of  $100,000  was  made  July  25, 1868,  for  the  removal 
of  the  wreck  of  the  steamship  Scotland,  situated  in  the  south  channel 
of  New  York  Harbor,  near  Sandy  Hook.  Proposals  were  advertised 
for,  andxa  contract  awarded  September,  1868.  to  the  Neptune  Submarine 
Company,  of  New  York,  the  lowest  bidders,  lor  the  sum  of  $63^0,  and 
all  the  rights  of  the  United  States  to  the  vessel  and  cargo.  The  com- 
pany commenced  operations  on  the  23d  September,  and  in  April,  1869, 
the  officer  in  charge  caused  a  survey  to  be  made  ox  the  progress  of  the 
work.  The  results  of  this  survey,  although  not  allowing  of  lie  payment 
to  the  contractors  of  any  portion  due  upon  the  contract,  was  satisfactory, 
and  showed  that  real  progress  had  been  made  ux>on  several  portions  of 
the  wreck. 

Note. — ^The  first  section  of  the  wreck  has  been  rem<y^d  and  paid  for 
since  the  commencement  of  the  present  fiscal  year^    (See  Appendix  Q 

Bridge  proposed  to  be  buiU  between  the  cities  of  New  York  and  Brook- 
lyn.— ^The  act  of  March  3. 1869,  establishing  a  bridge  and  i>ost  route 
across  the  East  Biver,  made  it  the  duty  of  the  Secretary  of  War,  to  de- 
termine whether  said  bridge,  when  bmlt,  will  conform  to  the  prescribed 
conditions  of  the  act,  not  to  obstruct,  impair,  or  injuriously  modify  the 
navigation  of  the  river.  A  commission  of  three  officers  of  the  corps  of 
engineers  was  constituted  by  order  of  the  Secretary  of  War,  to  report 

First  Upon  the  plan  and  location  of  the  bridge  and  practicability  of 
the  structure. 

Second.  What  effect  the  piers  and  tower  foundations  and  abutments 
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will  have  upon  the  navigation  of  tiie  river,  upon  its  regimen,  and  upon 
the  approaches  to  the  harbor  of  New  York. 

Third.  To  what  extent  the  bridge  will  obstmct  or  intermpt  the  pas- 
sage of  vessels  and  the  free  access  to-  the  United  States  navy  yard  at 
Brooklyn. 

Fourth.  And  such  other  facts  and  views  as  might  be  found  to  hate  an 
important  bearing  upon  the  question,  whether  the  said  bridge  when 
built  will  conform  to  the  prescribed  conditions  of  the  act  of  pongress 
relating  to  it. 

This  commission  met  in  the  city  of  New  York  and  made  a  report, 
which  was  submitted,  with  recommendations  from  this  office,  to  the  Sec- 
retary of  War,  May  31, 1869,  who  approved  the  views  and  recommenda- 
tk>ns  of  the  commission,  as  well  as  those  of  the  chief  of  engineers,  and 
the  plan  of  the  bridge  as  proposed  by  the  Kew  York  Bridge  Dompany, 
with  the  provision  that  the  height  of  the  center  of  the  main  span  of  the 
bridge  shaU  not  be  less  than  one  hundred  and  thirty*fivefeet  in  the  dear 
at  mean  high  water  of  the  spring  tides ;  and  that,  further,  the  structure 
shaU  conform  in  all  other  respects  to  the  conditions  recommended^  by 
the  commission. 

The  report  of  the  commission,  with  the  letters  from  this  office  upon 
the  subject,  wiU  be  found  in  AppendiK  Q  4. 

mPBOVEMBNT  OP  PBOVIDENOE  AND  PAWTtTCKET  BIVBBS,  BHODE 
ISLAND,  AND  THAMES  ItlVEB,  OOXNEOTICUT ;  BEMOVAL  OF  MIDDLE 
BOCK,  NEW  HAVEN  HABBOB  AND  WESTPOBT  HABBOB,  CONNEGTI- 
CtT'y  SUBVETS  OF  OONNECIIGUT  BIVEB  AND  BBIDOEPOBT  HABBOB, 
OONNBCTICrcrT. 

Officer  in  charge,  Brevet  Oolonel  D.  G.  Houston,  m%|or  corps  of  engi- 
neers. 

1.  Improvement  of  Westport  HarhoTj  CownecUeut. — ^Nothing  has  been 
done  in  this  harbor,  as  the  amount  of  appropriation  for  the  work,  $2,500, 
is  entirely  inadequate.  The  recommendation  of  an  appropriation  of 
$10,000  made  last  year  is  renewed.    (See  Appendix  B.) 

2.  Rewioval  ofMidMe  Rock^  New  Haven^  Oonnecticut — The  work  of  re- 
moving this  lock  has  not  been  renewed  for  want  of  funds.  It  is  esti- 
mated that  $10,000  will  complete  the  removal  to  the  depth  originally 
intended,  seventeen  feet  at  low  water.  The  entire  removal  of  the  ob- 
structions at  the  entrance  to  this  harbor  requires  not  only  the  removal 
of  Middle  Bock,  but  also  that  of  Southwest  Ledge,  and  of  two  interme- 
diate rocks.  On  the  Southwest  Ledge  there  are  six  and  a  half  feet  at 
low  water,  and  on  the  other  rocks  thirteen  feet  and  fourteen  feet,  re- 
spectively.    ' 

To  secure  a  depth  of  seventeen  feet  on  Middle  Bock  will  re- 
quire  $10,000  00 

To  remove  the  Southw.est  Ledge  to  same  depth 30, 000  00 

To  remove  the  intermediate  rocks  to  same  depth 25,000  00 

Total  required  for  "  removing  rocks  in  New  Haven 
Harbor^ 66,000  00 

(Appendix  B.) 

3.  Survey  of  Connecticut  River  from  Hartford  to  its  mouth.— The  plan 
recommended  for  the  improvement  of  the  river  between  these  points  is 
to  deepen  the  water  on  the  bars  by  dredging  or  scraping.    It  is  esti*  * 
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mated  that  the  sum  of  $70,000  will  suffice  to  give  a  depth  of  eight 
feet  as  the  lowest  water,  and  that  the  sam  of  $10,000  expended  annu^y 
will  suffice  to  maintain  this  depth.    (Apx>endix  B.) 

4.  ImprovemerU  of  Thames  River^  Connecticut — ^The  work  on  this  river 
has  consisted  in  deepening  the  channel  below  the  city  of  ^Norwich  to 
obtain  a  depth  of  fourteen  feet  at  high  water.  It  is  expected  that  this 
will  be  completed  during  tlie  present  working  season,  and  that  a  suffi- 
cient baiance  will  be  left  to  enable  an  examination  to  be  made  next  sea- 
son for  the  purpose  of  ascertaining  the  effects  of  the  work.  No  estimate 
is  submitted  for  the  fiscal  year  ending  June  30, 1871.    (Appendix  B.) 

6.  Improvement  of  Providence  Biver^  Rhode  Island^  at  "  (he  CroolcP — 
Ko  work  has  been  done  on  this  river  during  the  year.  The  engineer  in 
charge  reports  that  the  sum  of  $10,000  per  annum  could  be  advan- 
tageously applied  in  dredging  the  channel  of  this  river  below  the  Fox 
Point  wharf. 

Bequired  for  the  next  fiscal  year,  $10,000.    (Appendix  B.) 

0.  Improvement  of  Pawtueket  River ^  Rhode  Island. — ^The  small  balance 
remaining  on  hand  at  last  report  has  been  expended  in  dredging.  To 
complete  the  work  deemed  necessary,  viz :  dredging  to  obtain  a  channel 
six  feet  deep  at  mean  low  water,  will  require  an  appropriation  of  $15,000, 
which  amount  is  required  for  the  next  fiscal  year.    (Appendix  B.) 

7.  Survey  of  Bridgeport  Harbor^  Connecticut — ^A  resurvey  of  this  har- 
bor was  made  last  year,  and  from  a  careM  study  of  the  changes  in  the 
harbor  that  this  survey  has  developed  it  is  not  deemed  by  the  engineer 
in  charge  necessary  to  recommend  the  construction  at  this  time  of  any 
works  of  improvement.  The  channel  and  harbor  facilities  are  essentially 
as  good  as  shown  by  the  survey  of  1837.  The  channel  at  its  present 
depth  is  an  artificial  one  made  by  dredging.  That  it  remains  unchanged 
as  to  depth  is  evidence  that  no  serious  injury  has  been  sustained.  It  is 
doubtful  whether  there  is  any  permanent  remedy  for  the  evil  anticipated 
by  those  interested  in  this  harbor.  The  effect  of  storms  on  the  sandy 
bottom  of  a  shoal  harbor  is  necessarily  to  shift  the  channel  more  or  less, 
and  if  it  should  be  found  in  future  that  the  channel  is  not  maintained 
by  the  action  of  the  tidal  currents  it  will  be  necessary  to  excavate  as 
was  formerly  done.    (See  Appendix  B  and  B  1.) 

8.  Plymouth  Beach^  Massachusetts, — ^This  work  was  in  charge  of  Brevet 
Major  J.  A,  Smith,  captain  corps  of  engineers,  until  June  1, 1869.  Two 
hundred  lineal  feet  of  substantial  crib- work  of  timber  covered  with  plank, 
and  one  hundred  and  seventy-five  feet  of  triangular  work,  similar  to  that 
before  used,  were  completed  last  autumn.  One  crib  one,  hundred  feet 
long  was  framed  and  another  partly  built,  neither  of  which  could  be  put 
in  position,  owing  to  the  unusual  inclemencyof  the  season  and  the  attend- 
ant expense.  The  beach  is  greatly  exposed  to  the  action  of  the  sea,  owing 
to  the  unfinished  condition  of  those  works  intended  for  its  preservation. 
A  projet  and  estimate  will  be  made  as  early  as  practicable  for  the  pres- 
ervation of  the  beach,  upon  which  the  existence  of  the  harbor  depends. ' 

Amount  allotted  to  this  work  from  appropriation  for  repairs 
of  harbors  on  the  Atlantic  coast $7, 500  00 

Amount  expended  during  the  fiscal  year  ending  June  30, 

1869 7,423  39 

(See  Appendix  B.) 
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PBESEBVATION  AND  IMPROVEMENT  OF  BOSTON  HAEBOB;  PEESEEVA- 
TION  OF  THE  HABBOE  OP  PEOVINCETOWN ;  IMPEOVEMENT  OF  THE 
HABBOE  OF  JTEWBUBYPOBT,  AND  StTBVEY  OF  THE  MEEBIMAC  BIVEB. 

Officer  in  charge,  Brevet  Major  General  J.  G.  Foster,  lieutenant  colonel 
corps  of  engineers,  assisted  by  Brevet  lieutenant  Colonel  G.  L.  Gillespie 
and  Brevet  Msyor  George  Burroughs,  captains  corps  of  engineers. 

!•  Dredffing  off  the  southwest  point  of  LoveWs  Island. — ^The  work  has 
been  carried  on  steadily  by  the  contractor,  who  removed  66,909.54  cu- 
bic yards,  widening  the  channel  to  600  feet  at  the  16-feet  curve,  with  an 
average,  depth  of  16^  feet.  By  the  close  of  the  season  it  is  expected  that 
this  depth  will  be  increased  to  23  feet,    (See  Appendix  S.) 

2.  Dredging  channel  a^cross  the  Upper  Middle  Bar. — Four  hundred  and 
*  fifty  cdbic  yards  of  material  have  been  removed.    The  work  has  been 

suspended  and  the  amount  heretofore  allotted  for  this  work  has  been 
transferred  to  the  dredging  at  Lovell's  Island.    (See  Appendix  S.) 

3.  Blasting  and  removing  Cortoin  BocJcJ-^This  rock  and  an  adjoining 
ledge  has  been  entirely  removed  to  a  depth  of  23  feet  at  low  water. 
1,3^  tons  of  rock  have  been  blasted ;  1,192  tons  deposited  on  shore, 
and  164  tons  allowed  to  remain  in  deep  water.  The  channel  formerly 
between  this  rock  and  Tower  Bock  has  been  widened  by  the  removal  gf 
these  rocks  from  250  feet  to  600  feet.    (Appendix  S  and  S  1.) 

4.  Blasting  a/nd  removing  Barrel  Bock. — ^A  survey  of  this  rock  was 
made  as  well  as  contracts  for  its  removal,  and  the  preliminary  prepara- 
tions for  active  operations  This  rock  has  since  been  removed.  (See 
Appendix  S.) 

5.  Seorwall  at  Point  AUertan. — ^The  title  to  the  land  for  the  site  o§ 
the  wall  (forwarded  in  January  last)  has  not  received  the  approval  of 
the  Attorney  General  yet ;  as  soon  as  this  is  obtained,  proposals  will  be 
invited  for  the  construction  of  the  wall.    (See  Appendix  S.) 

6.  SeoC-wall  at  Gallup'^s  Island. — ^Thiswork  has  steadily  progressed ; 
558  feet  of  foundation  and  456  feet  of  waU  has  been  built.  (See  Appen- 
dix S.) 

7.  SeorwaU  for  the  preservation  of  the  North  Head  of  Lang  Island. — ^The 
jury  of  the  county  court  has  determined  upon  the  amount  to  be  paid  by 
the  United  States  for  the  site  of  this  wall,  and  the  fortifications  to  be 
erected  there.  As  soon  as  this  amount  is  paid,  either  to  the  owners  or  to 
the  judge  of  the  court,  (according  to  an  act  of  the  legislature  of  Massa- 
chusetts,) and  the  title  receives  the  approval  of  the  Attorney  General, 
preparations  for  active  work  will  be  made. 

Estimates  for  the  fiscal  year  ending  June  30, 1871,  for  continuing  the 
preservation  and  improvement  of  Boston  Harbor,  a  portion  of  which 
shoiold  be  made  available  for  the  present  fiscal  year : 

For  dredging  at  LovelPs  Island,  to  complete  the  work. . :.  $75,000  00 

For  sea-wall  at  Gallup's  Island,  to  complete 60,000  00 

For  dredging  at  Upper  Middle  Bar 100,000  00 

For  sea-wall  at  Point  AUerton,  to  complete 40,000  00 

For  sea-wall  at  Long  Island 40,000  00 

For  contingencies 15,000  00 

Total 330,000  00 
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8.  Preservation  of  Provincetaum  Harbor > — ^At  Beach  Point  a  brusli  bulk- 
head and  jetties  have  been  constructed  which  are  &st  gathering  tiie 
floating  sand.  A  dike  to  guard  against  any  possible  breach  by  the  sea 
through  the  outer  beach  has  been  constructed  across  the  Salt  Meadows 
and  East  Harbor  Greek  at  High  Head.  The  current  and  tidal  observa- 
tions in  the  immediate  charge  of  Captain  George  Burroughs^  brevet 
msgor  United  States  Army,  have  been  complete.  An  allotment  of 
(9,000  from  the  appropriation  of  1869  was  made  for  the  construction  of 
certain  works  for  the  preservation  of  the  harbor  urgently  needed,  which 
will  be  expended  this  season. 

Amount  required  to  be  appropriated  for  the  fiscal  year  ending  June 
30, 1871,  $25,000.    (See  Appendix  S  and  S  2.) 

9.  Merrimac  River, — Surveys  have  been  made  of  the  obstructions  in 
this  river,  and  a  report  with  estimate  of  cost  of  removal  submitted.    (See  - 
Appendix  S  and  S  3.) 

SEA-WALLS  AT  OBEAT  BBEWSl'EB,  BEEB,  AND  LOVELL^S  ISLANDS,  BOS- 
TON HABBOB. 

OfQcer  in  charge,  Brevet  Miyor  General  H.  W.  Benham,  colonel  corps 
of  engineers. 

»  1.  Chreat  Bretjoster. — ^The  work  of  the  fiscal  year  comprised  the  setting 
of  the  heavy  shell-stone  paving  in  rear  of  th^  whole  of  the  most  exposed 
^portion  of  the  east  fiaice  of  the  Korth  He>ad^  about  700  running  feet ;  filling 
the  rear  of  about  400  feet  of  other  portions  with  earth,  covered  in  the 
most  exposed  parts  with  small  bowlders  as  a  temporary  protection  against 
the  dash  of  the  sea,  and  the  construction  of  a  strong  stone  pile  jetty 
4)0  protect  the  west  comer  of  the  wall  of  South  Head.  It  is  expected 
that  at  the  close  of  the  present  working  season  all  the  work  remaining  to 
be  done  for  the  complete  protection  of  the  Korth  Head,  together  with  two 
or  three  jetties  at  the  angles,  will  be  finished,  so  that  all  that  now  appears 
necessary  for  the  protection  of  the  island  will  be  completed  this  season, 
and  no  further  appropriation  for  this  object  will  be  required. 

Amount  on  hand  July  1, 1868 $547  85 

Allotted  from  appropriation  of  July  25, 1868 10,000  00 

Allotted  from  appropriation  of  April  10, 1869 25,000  00 

35,547  85 
Expended  during  the  fiscal  year 8,625  87 

Amount  available  July  1,  1869 26,921  98 

(See  Appendix  T.) 

2.  Deer  and  LoveWs  Islands. — ^XJpon  the  sea-wall  at  Deer  Island 
1,250  running  feet  of  the  wall  of  the  North  Head  had  been  rebnilt  and 
repaired  up  to  the  close  of  the  present  fiscal  year,  ^  Jpne  30,)  making  in 
all  about  2,210  running  feet  of  wall  rebuilt  on  the  three  bluffs  of  the  island 
since  1865.  All  the  most  exposed  parts  of  this  wall  are  now  repaired. 
The  engineer  in  charge  recommends  as  an  additional  security  that  some 
200  or  300  feet  of  the  North  Head  wall  be  rebuilt  at  a  cost  of  about  $8,000. 
At  Lovell's  Island  a  strong  but  small  wall  of  about  800  feet  in  length, 
with  four  jetties  at  the  angles,  has  been  built  to  protect  the  southeast 
bluff,  which  appear  to  answer  the  purpose  and  to  increase  the  breadth 
of  the  beach  in  front  of  it.  An  apron  facing  of  stone,  protected  by  con- 
crete, has  been  constructed  in  front  of  the  eastern  half  of  the  old  wall 
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Sofme  ftiriher  repairs  and  a  new  jetty  are  recommended  at  a  cost  of 
about  $2^000. 

Amoont  on  hand  July  1, 1808 (50,515  30 

Expended  daring  the  fiscal  year 43,245  16 

Amount  available  July  1,  1869 * 7,270  14 

(See  Appendix  T.) 

IMPBOTEIIIENT  OF  HABBOBS  IN  THE  STATE  OF  MAINE. 

Officer  in  charge,  Brevet  Brigadier  General  George  Thorn,  lieuteaant 
colonel  of  engineers. 

1.  8aco  Biver  improvement. — ^These  improvements  consist  in  the  rebuild- 
ing of  some  of  the  most  important  piers  in  the  river,  the  removal  of  the 
sunken  rocks,  and  the  construction  of  a  breakwater  at  the  mouth  of  the 
river.  On  the  30th  of  June,  1869,  the  sunken  rocks  had  all  been  removed 
from  the  channel  near  Little  Islands^  and  the  breakwater  at  the  mouth 
of  the  river  had  been  partially  built  for  a  distance  of  4.000  feet  out  from 
the  shore,  containing  51,223^  tons  of  stone.  The  nrst  '2,550  feet  of 
this  breakwater  is  bmlt  up  to  a  general  level  of  nine  feet  above  mean 
low  water,  with  an  average  thickness  of  twenty  feet,  the  retaaining  por- 
tion forms  but  the  i^  core  "  of  the  work  to  be  buUt,  and  is  barely  sufficient 
to  divert  the  channel  as  required^^  or  to  withstand  the  violent  storms  to 
which  it  is  exposed.  This  work  in  its  present  unfinished  condition  has 
accomplished  all  that  was  expected  from  it.  It  has  closed  the  old  North 
Ghannel,  (as  was  intended,)  and  formed  a  new  one,  (as  w^  desired,) 
which  is  deeper,  much  more  uniform  and  direct  along  the  inside  of  the 
breakwater  as  far  out  as  it  extends,  and  it  is  apparently  improving  beyond 
that  point.  To  complete  this  work  .in  a  proper  manner,  it  must  be 
increased  throughout  in  height  and  thickness,  and  extended.  The  addi- 
tional amount  required  for  the  completion  of  all  the  improvements  pro- 
posed at  tiiis  time  (exclusive  of  the  capping  of  the  breakwater  estimated 
for  in  previous  reports)  is  $60,000,  which  amount  can  be  profitably 
expended  during  tiie  fiscal  year,  ending  June  30, 1871.  (See  Appen^ 
dix  U.) 

2.  ExtensUmof  the  breakwater  gmd  improvement  of  the  harhor  at  Port- 
landy  Maine. — The  capping  of  the  unfinished  iwrtion  of  the  breakwater 
has  been  completed,  in  all  733}  lineal  feet.  Under  a  joint  resolution  of 
Congress,  approved  June  5, 1868,  the  harbor  has  also  been  improved  by 
dredging  a  channel  through  the  "  Spit,"  near  the  "middle  ground,'^  in 
which  there  are  now  twenty  feet  of  water  at  mean  low  water,  or  twenty-nine 
feet  at  mean  high  water.  A  contract  has  also  been  made  for  excavating 
a  new  channel  through  the  "  middle  ground  bar,'^to  be  completed  on  or 
before  the  first  of  November,  1869,  and  it  is  probable  that  it  will  be  com- 
pleted in  that  time. 

On  hand  July  1, 1868 $79,397  87 

O n  hand  July  1 ,  1869 64, 491  82 

Which  amount  will  be  expended  by  th0  close  of  this  working  season  in 
deepening  the  channel. 

For  fljiishing  the  breakwater,  an  additional  sum  will  be  required  of 
$40, 000. 

(See  Appendix  tJ,  tJ  1  and  U  2.) 
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3.  Impr<ypement  of  the  Kevmebec  Biver^  between  Gardiner  andAngwta^ 
Maine. — ^This  work  consists  in  straightening  and  deepening  the  channel 
of  the  river,  by  dredging  through  several  shoals  and  the  removal  of 
rocks  which  obstrnct  it  between  Gardiner  and  Augusta^  Maine.  The 
width  of  the  channel  estimated  for  is  one  hundred  feet  at  bottom,  with 
sides  having  a  slope  of  two  feet  to  one  foot  rise,  and  a  depth  of  seven 
feet  up  to  Hallowell,  and  six  and  one-half  feet  thence  to  Augusta,  at  low 
tide  in  the  lowest  stages  of  the  river,  being  about  twelve  feet  at  high 
tide  in  the  same  stages.  The  channel  has  been -completed  through  Hal- 
lowell  and  Shepard's  Point  Shoal  (at  and  below  Hallowell)  to  a  width 
of  75  feet,  and  is  in  progress  to  the  same  width  through  Britt's  Shoal, 
above  Hallowell,  which  will  probably  be  completed  before  the  1st  of 
October,  1869.  The  channel  through  Gage^s  Shoal  will,  it  is  probable, 
be  more  than  half  completed  during  the  present  season.  About  thirty 
bowlders  have  also  been  removed  from  the  river  at  Shepard's  Pointy 
Hallowell  and  Britt's  Shoals. 

The  additional  amount  required  to  complete  the  channel  from  Gardiner 
to  Augusta,  (through  Hinckley's  Shoal  and  the  unfinished  portion  of 
Gage's  Shoal,)  and  to  increase  the  width  of  the  new  channel  throughout 
to  one  hundred  feet,  is  estimated  at  $22,500.    (See  Appendix  U .) 

4.  Improvement  of  the  navigation  of  the  8t,  Croix  Biver,  above  the  ledge. 
For  this  improvement  it  will  be  necessary  to  deepen  its  channel  by  the 
removal  of  slabs,  edgings^  and  sawdust  which  for  thii;^  years  and  more 
have  been  accumulating  m  large  quantities  in  this  river. 

The  act  making  an  appropriation  for  this  improvement  requires  the 
co-operation  of  tDe  province  of  New  Brunswick,  which  has  not  yet  been 
obtained,  se  that  operations  have  not  yet  been  commenced. 

Amount  appropriated  for  this  work $15, 000  00 

Additional  amount  required  for  its  completion 35, 000  00 

It  being  understood  that  the  iJrovince  of  New  Brunswick  will  con- 
tribute an  equal  amount  for  this  purpose.    (See  Appendix  U.) 

5.  Survey  and  improvements  at  Richmond^  Island.  Cape  Elizabeth^ 
Mcdne. — ^A  survey  of  this  locality  has  been  made,  witn  a  view  to  form- 
ing an  estimate  of  the  probable  cost  of  a  breakwater  to  connect  the 
island  with  the  main  land.  Such  a  breakwater  would  form  a  good  har- 
bor of  refuge,  aflfbrding  safe  anchorage  and  good  holding  ground,  with 
the  wind  from  any  point  between  north*  and  southwest,  aSfording  reftige 
to  vessels  prevented  by  northeast  storms  from  entering  Portland  or 
adjacent  harbors.  The  breakwater  to  be  permanent  should  be  built  of 
rubble  stone,  of  which  the  engineer  in  charge  estimates  that  there  will 
be  required  68,000  tons.  This,  when  plac^  in  the  structure,  would 
cost  $93,000, 

Amount  which  can  be  profitably  expended  during  the  fiscal  year  end- 
ing June  30, 1871,  $50,000.    (See  Appendix  TJ.) 

6.  Improvement  of  the  '^Out^  Back  River y  opposite  the  city  of  Bathj 
MadneT-rOwing  to  the  contraction  of  the  channel  of  Back  Biver  at  the 
upper  Hell  Gate,  the  tidal  current  runs  through  this  gate  with  such 
violence  as  to  endanger  the  navigation  at  any  other  time  than  at  high 
and  low  water,  except  for  steamers.  The  difficulties  are  still  further 
increased  by  a  large  rock,  known  as  "  Boiler  Rock,"  which  lies  in  mid- 
chamiersome  seventy-five  yards  below  the  gate.  The  engineer  in  charge 
examined  this  rock  with  the  aid  of  a  submarine  party.  It  lies  in  from 
three  to  four  fathoms  water  at  low  tide,  its  highest  point  being  only 
about  three  feet  below  the  surface  at  mean  low  water,  and  ten  feet  below 
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it  at  hi^  water.    For  the  improvement  of  nayigation  at  this  place,  the 
engiaeer  in  charge  recommends — 

1.' Boiler  Bock  to  be  removed  to  a  depth  of  twelve  feet.    * 
requiring  seventy  cnbic  yards  of  blasting,  which,  at  $50 
per  cubic  yard,  would  cost $3, 500  00 

2.  The  point  of  ledge  contracting  the  channel  at  Upper 
Hell  Gate  to  be  blasted  off,  requiring  about  1,500  cubic 

yards,  at  (4 6,000  00 

3.  Deepening  the  bar  about  midway  between  Upper  Hell- 
Gate  and  Arrowsio  bridge,  so  as  to  afford  a  channel  one 
hundred  feet  wide  and  ten  feet  deep  at  mean  low  water, 
requiring  11,000  cnbic  yards  of  dredging,  which,  at  fifty 

cents  per  cubic  yard,  would  cost 5, 500  00 

Add  ten  per  cent,  for  contingencies 1, 500  00 

Total  required  for  the  proposed  improvement 16, 500  00 


AU'  of  which  could  be  profitably  expended  during  the  fiscal  year  end- 
ing June  30, 1871.    (See  Appendix  U.) 

7.  Survey  and  improvement  of  the  Penobttcot  Biverj  Maine. — ^This  survey 
has  been  completed.  Yery  extensive  and  accurate  soundings  and 
borings  made  in  the  river  show  that  from  Crosby's  !N^arrows  up  to  Ban- 
gor, a  distance  of  some  three  and  a  half  miles,  the  bed  of  the  river  is 
seriously  obstructed  with  slabs,  edgings,  and  sawdust,  to  an  average 
depth  of  ten  feet,  and  in  some  localities  more  than  eignteen  feet ;  and 
that  the  harbor  of  Bangor  is  also  obstructed  with  several  large  sunken 
rocks.  To  restore  the  channel  to  the  original  river  bed  would  require 
an  excavation  of  jnore  than  5,000,000  cubic  yards  of  its  accumulations. 
But  a  passable  channel  could  be  made  at  a  cost  estimated  at  from 
$100,000  to  $500,000,  according  to  its  width  and  depth.  (See  Appen- 
dix U.) 

8.  Improvement  of  Union  Biver^  Maine. — ^A  careftil  examination  of  this 
river,  firom  its  mouth  to  Ellsworth,  has  been  made.  The  engineer  in 
charge  estimates  that  for  the  improvement  of  the  navigation  between 
these  points,  by  clearing  it  of  slabs,  edgings,  and  sawdust,  removing 
boulders  and  sunken  rocks,  and  erecting  five  stone  beacons,  there  will 
be  required  an  appropriation  of  $40,000,  which,  in  view  of  the  large 
lumber  trade,  he  recommends  to  be  made.    (See  Appendix  U.) 

V 

BIVEBS  AND  HABBOBS  ON  THE  PAGIFIG  COAST. 

Officer  in  charge.  Brevet  Lieutenant  Colonel  B.  S.  Williamson,  m^jor 
corps  of  engineers,  assisted  by  first  Lieutenant  Wm.  H.  Heuer,  corps  of 
engineers. 

1.  'Improvement  of  the  Willamette  River^  below  Portlandj  Oregon. — ^The 
operations  on  this  river  during  the  past  fiscal  year  have  been  confined 
to  dredging  on  Swan  Island  Bar,  and  the  bar  at  the  mouth  of  the  river, 
and  to  removing  snags  at  each  of  these  localities.  Surveys  were  made 
of  the  Willamette  slough  and  of  the  mouth  of  the  river.  Many  diffi- 
culties were  encountered  causing  delays  in  the  prosecution  of  the  work. 
In  December,  1868,  when  the  dredging  was  temporarily  suspended,  a 
channel  had  been  cut  over  Swan  Island  Bar,  admitting  vessels  drawing 
fifteen  feet,  during  the  low  water  stage.  The  total  length  of  chann^ 
excavated  since  the  commencement  of  the  work  in  1867,  at  this  locality, 
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IB  3,200  feet.  The  estiinate  of  the  cost  of  deepening  Swan  Idand  Bar  to 
eighteen  feet  was  based  on  the  supposition  l^t  the  cost  oi  dredging  at 
a  depth  between  fifteen  and  eighteen  feet  would  not  vary  materially 
from  the  cost  of  the  previous  dr^ging. 

From  a  report  received  from  the  officer  in  charge,  it  appears  that  the 
dredging  at  this  place  has  been  greatly  retarded  during  the  summer  by 
numbers  of  large,  sunken  trees  imbedded  in  the  bar,  the  removal  of  which 
has  been  found  to  consume  much  time,  besides  causing  fr^uent  breaks 
in  the  machinery.  For  these  reasons  ne  deems  it  advisable  to  increase 
his  estimate  of  the  amount  required  for  the  fiscal  year  ending  June  30, 
1871, .as  follows: 

For  Swan  Island  Bar $25, 000  00 

For  keeping  open  the  channel  at  the  mouth  of  the  Willa- 
mette River 6, 000  00 

Total 31,000  00 

which  he  believes  will  complete  the  work  on  the  Swan  Island  Bar, 
and  keep  open  the  channel  at  the  mouth  of  the  river  up  to  that  date. 

Amount  of  appropriation  and  allotments  for  the  improve- 
ment of  Willamette  Biver $79,500  00 

Amount  avaUable  July  1, 1869* 26,923  74 

Amount  required  to  be  appropriated 31, 000  00 

which  can  be  profitably  expended  during  the  fiscal  year  ending  June  30, 
1871.    (See  Appendices  V  V 1  and  V  1,  a.) 

2.  Removal  of  Blossom  Bock  in  the  harbor  of  San  Francisco, — ^After  the 
allotment  of  $50,000  had  been  made  from  the  general  appropriation  of 
1868  for  rivers  and  harbors  for  the  removal  of  this  rock,  the  work  was 
advertised  and  proposals  invited.  Only  one  proposal  was  made,  and 
that  being  unsatisfactory  was  rejected.  A  plan  for  the  removal  of  this 
rock  was  submitted  to  the  officer  in  charge,  accompanied  by  an  offer  to 
remove  it  to  a  depth  of  twenty-four  feet  at  mean  low  water  for  $75,000, 
no  payment  to  be  made  until  the  satisfactory  completion  of  the  work. 

This  offer  has  been  accepted,  and  the  officer  directed  to  enter  into  con- 
tract in  accordance  witii  the  foregoing  terms. 

Amount  allotted  from  appropriation  of  1868 $50, 000  00 

Amount  allotted  from  appropriation  of  1869 25, 000  00 

75, 000  00 

(See  Appendices  V  and  V  3.) 

fllTBVETS  AND  EXAMINAXrONS  ON  THE  PAOTPIO  COAST. 

1.'  Survey  of  the  Upper  Columbia  Biver ^  Oregon. — ^Portions  of  the  Upper 
Columbia  Biver,  Homly  Bapids,  and  Bock  Creek  Bapids,  have  beeif  ex- 
amined with  a  view  to  ascertaining  the  position  and  dimensions  of  cer- 
tain rocks,  and  to  preparing  estimates  of  the  probable  cost  of  removal  oi 
these  obstructions.    (See  Appendix  V.) 

2.  Harbor  of  San  Pedro^  f  Wilmington  J  Odl\fbmia^-^Ajk  examination 
of  Hiis  locality 'has  been  made  with  a  view  to  preparing  a  project  for  the 
improvement  of  the  harbor.  The  report  of  the  officer  in  charge,  with 
estimate  of  the  probable  cost  of  improvement,  is  transmitted  herewith. 
(See  Appendices  Y  and  Y  2.) 


BEPOBT  OF  CHIEF  OF  ENGINEERS.  65 

SUBYETS  AND  EXAMINATIONS  WITH  THE  YTEW  TO  THE  IMPROVEMENT 

OF  BIYEBS  AND  HABBOBS. 

The  following  estimates  of  appropriations  showing  the  amounts  re- 
quired for  the  purpose  of  making  further  surveys  *nd  examinations  of 
localities,  the  improvement  of  which  has  been  heretofore,  or  that  may  be 
hereafter  authorized,  were  submitted  in  my  last  annual  report;  and 
there  having  been  no  appropriation  made  for  this  purpose,  the  estimates 
are  again  submitted. 

For  the  Atlantic  coast $30, 000  00 

For  the  Pacific  coast 25, 000  00 

For  the  western  and  northwestern  rivers 125, 000  00 

WORKS  IN  THE   DISTBICT   OF   COLUMBIA. 

PUBLIC    BUILDINGS,    GBOUNDS,    AND    WOBKS,    IN    THE    DISTBICT    OF 

COLUMBIA. 

OflScer  in  charge,  Brevet  Brigadier  General  IS.  Michler,  major  corps 
of  engineers. 

For  the  condition  of  the  public  buildings,  grounds,  and  works,  and 
recommendations  for  their  further- improvement,  see  the  report  in  detail 
of  the  officer  in  charge.    His  estimate  for  the  next  fiscal  year  is — 

For  the  imi)rovement,  care,  and  repair  of  public  buildings, 

grounds,  and  works,  in  the  District  of  Columbia $584, 192  00 

For  compensation  of  persons  employed  on  and  about  public 
buildings,  grounds,  and  works,  as  above 49, 002  00 

Total 633, 194  00 

• 

(See  Appendices  W  and  W  2.) 

WASHINGTON  AQUEDUCT. 

A  report  in  detail  upon  the  condition  of  this  work  will  be  found  in 
Appendices  W  and  W  1. 

The  officer  in  charge  submits  estimates  for  the  fiscal  year  ending  June 
30, 1871,  as  follows: 

For  continuing  the  constructionofthe;distributing  reservoir  $200,000  00 
For  completing  unfinished  work  and  for  superintendence 
and  repairs 188, 190  00 

Tot^ 388,190  00 

BISHOP'S   CANAL   LOCK. 

By  authority  of  the  Secretary  of  War  a  board  of  engineers  was 
detailed  February  21, 1867,  to  examine  the  model  of  an  improved  canal 
and  ship  lock  submitted  by  Mr.  Martin  Bishop,  of  Ohio.  The  report  of 
this  board  will  be  found  in  Appendix  W  3.  * 

SURVEY  OP  NORTHERN  AND  NORTHWESTERN  LAKES. 

Lieutenant  Colonel  and  Brevet  Brigadier  General  W.  T.  Baynolds, 
corps  of  engineers  in  charge,  assisted  by  Captain  and  Brevet  Lieu- 
tenant Colonel  F.  M.  Farquhar  until  the  month  of  iNbvember,  1868; 
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by  Lieutenant  J.  F.  Gregory  during  the  entire  year;  by  Lieutenant  B, 
D.  Green  until  April,  1869 ;  by  Lieutenants  E.  H.  Ruffner,  J,  C.  Mallery, 
and  W.  E,  Rogers  during  the  entire  year ;  by  Lieutenant  L.  M.  Haupt 
until  January,  1869,  and  by  Lieutenant  J.  E.  GriflSth  until  April,  1869. 

Captain  and  Brevet  Major  J.  A.  Smith  reported  for  duty  on  the  sur- 
vey in  the  month  of  June,  1869. 

in  addition  to  the  above-named  officers  of  the  corps  of  engineers, 
General  Ra^Tiolds  was  assisted  by  Messrs.  D.  F.  Henry,  O.  N,  Chaffee, 
J.  R.  Mayer,  and  H.  Gillman,  as  principal  assistants.  Messrs.  Chaffee 
and  Gillman  tendered  their  resignations,  and  did  not  enter  upon  the 
field-work  in  the  season  of  1869.  They  were  succeeded  by  Messrs.  A. 
C.  Lamson  and  O.  B.  Wheeler,  principal  assistants. 

During  the  season  of  1868  the  operations  of  the  survey  were  carried 
on  by  the  three  steamers  belonging  to  the  lake  survey  and  five  shore 
parties  on  Lake  Superior;  three  astronomical  parties,  one  at  Ogdens- 
burg,  one  at  Watertown,  and  one  at  Oswego,  in  the  State  of  New  York ; 
three  gauging  parties,  measuring  the  outflow  of  the  rivers  St.  Clair, 
Niagara,  and  St.  Lawrence ;  thirteen  meteorological  observers  at  differ- 
ent localities  on  the  lakes ;  two  draughtsmen,  reducing  maps  for  publica- 
tion ;  two  assistants,  in  office  and  attending  to  chart  distribution ;  three 
assistants,  engaged  in  reducing  meteorological  observations,  &c. 

During  the  season  1869,  in  consequence  of  the  late  date  at  which  the 
aot  of  partial  appropriation  of  funds  was  passed  by  Congress,  the  field 
force  was  reduced  proportionately,  and  the  operations  of  the  survey 
progressed  with  the  following  organization,  namely,  two  steamers  and 
two  shore  parties,  six  astroDomical  and  triangulation  parties  on  Lake 
Superior,  and  two  river  gauging  parties  on  the  rivers  St.  Clair  and 
Niagara. 

The  stations  for  the  primary  triangulation  of  Lake  Superior  have 
been  selected.  This  duty  involved  an  examination  of  heights  near  the 
shore,  and  as  they  are  all  covered  by  a  dense  growth  of  forest  trees, 
the  amount  of  labor  required  for  selection  was  far  greater  than  would 
have  been  the  case  in  a  region  under  cultivation. 

General  Raynolds  expresses  the  opinion  that  the  reconnaissan<^e 
leaves  but  very  little  doubt  that  a  system  of  triangles  can  be  obtained 
that  will  cover  the  entire  lake. 

The  off-shore  hydrography  of  the  northern  coast  has  been  completed, 
and  the  greater  portion  of  that  of  the  southern  coast  will-  be  completed 
this  season. 

A  portion  of  the  general  hydrography  as  well  as  a  portion  of  the  pri- 
mary triangulation  will  remain  incomplete,  the  seasoii  having  proved 
unfavorable  for  field  operations  far  worse  than  hitherto  known  in  the 
history  of  the  survey. 

The  district  of  Isle  Royale  embraces  numerous  harbors  and  anchorage 
grounds  which  have  never  been  used,  and  many  dangers  to  navigation 
which  have  been  discovered  during  the  survey.  A  chart  of  the  district 
will  be  prepared  exhibiting  all  the  features  of  the  locality,  which  will 
be  of  essential  benefit  to  navigation. 

The  district  extending  from  the  western  end  of  Isle  Royale  to  the 
extreme  western  end  of  the  lake  presented  many  difficulties  not  met  with 
in  more  favored  localities,  due  to  the  almost  entire  isolation,  to  the  ab- 
sence of  harbors,  and  to  a  great  extent  of  even  boat  landings,  and  to 
the  rough,  mountainous  country,  covered  by  a  dense  growth  of  forest 
trees.  Tlie  survey  of  this  district  has  been  completed  successfully  with- 
out in  accident. 

The  survey  of  the  district  at  the  head  of  St.  Mary's  River  and  north- 
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ward,  and  including  the  triangiilation  of  the  large  bay  south  and  west 
of  White  Fish  Point  has  been  completed. 

The  survey  of  Lake  St.  Clair  was  resumed  after  the  surveying  parties 
had  been  withdrawn  from  Lake  Superior,  andNM>n8iderable  progress 
made. 

In  addition  to  the  ordinary  duties  of  the  lake  survey,  it  became 
necessary  to  detach  portions  of  the  surveying  parties  to  make  minute 
local  examinations  and  surveys  connected  with  the  improvements  of 
harbors  and  rivers,  in  some  of  which  the  use  of  the  steamers  was  un- 
avoidable. Among  these  local  surveys  the  dredged  channels  at  St. 
Clair  Flats  and  in  St.  Mary's  Eiver,  at  Lake  George,  and  that  of  Mau- 
mee  Bay  required  the  aid  of  steamer. 

Maps  of  the  above  surveys  were  made  as  well  as  copies  of  manuscript 
maps  of  previous  surveys,  and  supplied  to  the  officers  of  engineers 
requiring  their  use.  The  meteorological  observations  at  twelve  stations 
have  been  continued,  and  the  reductions  and  computations  incident 
thereto  have  been  made,  but  the  means  of  the  reductions,  &c.,  only  have 
been  incorporated  in  this  report. 

The  distribution  of  charts  has  been  continued  at  the  offices  in  Detroit 
and  Buffialo.  The  number  issued  exceeds  that  of  previous  years  very 
largely,  with  the  exception  of  that  of  the  year  preceding. 

A  detailed  chart  of  the  survey  of  Huron  Bay  and  Huron  Islands, 
Lake  Superior,  has  been  reduced  and  is  now  in  the  hands  of  the 
engraver. 

A  series  of  charts,  three  in  number,  covering  the  entire  Lake  Supe- 
rior, are  in  progress,  and  await  the  completion  of  the  primary  triangu- 
lation. 

A  preliminary  chart  of  the  east  end  of  the  lake,  similar  to  that  of  the 
middle  portion,  has  been  issued  to  meet  the  wants  of  commerce  until 
the  finished  and  more  i)erfect  charts  of  the  same  region  are  prepared  for 
engraving  and  publication. 

A  general  map  of  the  entire  chain  of  lakes,  on  a  scale  of  one  twelve 
hundred  thousandth,  has  been  commenced. 

The  unusually  unfavorable  season  for  the  field-work  has  prevented 
the  completion  of  the  survey  of  Lake  Superior,  as  was  confidently  antici- 
pated at  the  period  of  submitting  the  last  annual  report.  The  failure 
in  receiving  the  large  theodolites,  manufactured  in  Berlin  and  imported 
for  the  primary  triangulations,  has  also  contributed  in  some  measure  to 
delay  the  completion  of  the  survey  of  this  lake. 

The  amount  of  the  last  appropriation,  together  with  the  amount  made 
available  of  the  partial  appropriation  of  1867  withheld,  but  reappropri- 
ated,  aggregating  $150,000,  will  be  exhausted  by  the  close  of  the  fiscal 
year,  June  30, 1870. 

The  estimated  amount  required  for  continuing  the  survey  during  the 
year  ending  June  30, 1871,  is  $159,000.    (See  Appendix  X.) 

RECONNAISSANCES    AND    EXP  L  OB  ATI  ONS  . 

Officers  of  engineers  have  been  on  duty  at  most  of  the  headquarters  of 
the  military  divisions,  departments,  and  districts,  where  they  are  charged 
with  the  preparations  of  detailed  maps  and  sketches  required  by  the 
commanding  general,  and  with  the  collection  of  topographical  informa- 
tion requisite  in  the  compilation  of  the  military  maps  engraved  and  dis- 
tributed by  the  Engineer  Department.  The  following  officers  have  been 
thus  serving,  namely :  Major  Henry  M.  Bobert,  atithe  headquarters  mil- 
itaiy  diviaiou  of  the  Paoiflo ;  Brevet  Colonel  W.  E.  Merrill,  division  of 
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the  Missonri;  Brevet  Major  W.  J.  Twining^  department  of  Dakota; 
Brevet  Major  C.  W.  Howell,  department  of  Missouri,  who  was  succeeded 
by  Brevet  Captain  C.  B.  Phillips ;  Brevet  Captain  L.  C.  Overman,  fifth 
military  district,  wh(f  succeeded  Lieutenant  L.  M.  Haupt,  resigned-; 
Lieutenant  M.  B,  Adams,  department  of  the  Platte,  who  succeeded  Lieu- 
tenant E.  W.  Petriken,  resigned;  Lieutenant  George  M.  Wheeler,  de- 
partment of  California.  In  addition  to  the  above,  Captain  C.  W.  Ray- 
mond was  temporarily  assigned  to  duty  in  the  division  of  the  Pacific  for 
the  purpose  of  an  exploration  of  the  Yukon  Eiver,  Alaska,  some  eight 
hundred  or  nine  hundred  miles  above  its  mouth. 

COLOBADO  OP  THE  WEST. 

The  continuation  of  the  exploration  of  this  river  above  Cal  ville,  Utah,  has 
been  postponed  in  view  of  the  enterprise  now  in  progress  under  the  direc- 
tion ofProfessor  Powell,  the  results  of  whose  examinations  may  have  an 
important  bearing  u])on  the  further  survey  of  the  river,  if  indeed  it  should 
be  undertaken.  The  rapid  examinations  made  by  Professor  Powell  in 
descending  the  river  may  show  that  little  or  no  practical  value  will  re- 
sult from  the  attemi>t  to  improve  the  portion  of  the  river  hemmed  in 
witliin  the  deep  canons  extending  from  a  point  somewhat  above  the 
junction  of  the  Green  and  Grande  rivers,  forming  the  Colorado  River, 
to  a  point  not  far  above  Calville,  on  the  Colorado. 

Below  tlie  latter  locality  it  may  be  important  to  the  mining  region  in 
southern  Nevada  to  oflfer  better  facilities  of  communication  by  way  ot 
the  river  than  are  now  possessed.  Tlie  results  of  Lieutenant  G.  M.  Wheel- 
er's exploration,  now  in  progress  from  the  White  Pine  Mines  to  the  head 
of  navigation  on  the  Colorado,  may  furnish  the  necessary  information  in 
relation  to  this  subject. 

FBOM  SIEBBA  NEVADA  TO  THE  BOOKY  MOUNTAINS. 

The  geological  and  topographical  exploration  of  the  territory  between 
the  Sierra  Nevada  and  the  Rocky  Mountains,  including  within  its 
limits  the  route  or  routes  of  the  Pacific  Railroad  under  the  direction 
of  Mr.  Clarence  King,  has  been  successfully  conducted  by  him.  He  re- 
ports the  results  of  the  exploration  subsequent  to  the  close  of  the  last 
season's  oi)erations  as  follows : 

The  topography  and  geology  eastward  to  Salt  Lake  have  been  nearly 
completed ;  five  latitude  stations  well  connected  with  the  system  of  tri- 
angles have  been  established ;  three  good  longitude  stations  are  com- 
pleted. The  topographical  and  geological  work  at  the  close  of  last 
season  covered  a  belt  one  hundred  miles  wide  and  over  five  hundred 
miles  long.  The  results  furnish  the  proof  of  a  geological  unity  of  stmc- 
tare  in  the  whole  zone  of  ranges  west  of  Salt  Lake. 

During  the  winter  Mr.  King  and  his  assistants  were  occupied  with  the 
reduction  of  the  field  work,  the  examination  of  ores,  &c.,  and  the  pre- 
paration of  the  reports.  Li  the  spring  of  this  season  he  resumed  opera- 
tions on  the  Promontory,  Tangent,  and  Wasatch  ranges,  and  the  sur- 
vey of  Salt  Lake.  The  party  will  move  eastward  and  complete  the  sur- 
vey of  the  hills  as  far  as  the  Green  River  divide.  The  closing  labors  of 
the  party,  Mr.  King  reports  to  be  especially  fruitful  In  valuable  results: 
first,  in  relation  to  the  extent  of  the  coal  formation;  secondly,  in  the 
data  bearing  upon  the  question  of  the  great  Cordillera  mountain  sys- 
tem ;  thirdly,  in  the  evidences  of  immense  glacier  systems  in  the  Uintah 
Mountaios.  and  of  c#incidence  with  the  greater  Eurox>ean  mountain 
chains.    Tne  collections  in  natural  history  are  rich  and  complete. 
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MISCELLANEOUS. 
MAPS  OF  TEEBITORIES,  MILITARY  BEPABTMENTS,  AND  BISTBICTS. 

The  recompilation  of  the  map  of  the  territory  between  the  Mississippi 
Biver  and  the  Pacific  Ocean  has  been  completed,  and  the  map  has  been 
extensively  distributed.  The  information  obtained  f^om  surveys  and 
reconnaissances  made  since  the  preparation  of  the  present  edition  of  the 
map  will  be  pron^ptly  compiled  and  reduced  for  engraving,  and  a  new 
edition  will  be  issued.  The  changes  will  be  mostly  embraced  in  Nevada, 
Utah,  and  Arizona  Territories,  sdthough  additional  information  is  ex- 
pected from  most  of  the  military  departments  and  districts  where  sur- 
veys of  reservations  and  military  routes  are  in  progress  under  the  direc- 
tion of  the  officers  at  the  headquarters  of  these  departments  and  dis- 
tricts. The  limited  means  at  the  disposal  of  these  officers  have  restricted 
them  to  ordinary  reconnaissances  of  the  country,  rather  than  absolute 
surveys.' 

A  new  map,  covering  the  entire  territory  of  the  United  States  between 
the  Atlantic  and  Pacific  Oceans,  has  been  compiled  and  engraved,  de- 
signed both  for  military  and  geographical  purposes.  The  map,  in  the 
former  sense,  indicates  the  military  departments,  districts,  and  posts. 
The  want  of  a  map  of  this  character  has  been  felt  for  a  long  time,  and 
it  is  believed  that  this  want  will  be  satisfactorily  met  by  this  map. 

MAPS  OP  CAMPAIGNS  AND  BATTLE-FIEILDS. 

The  preparation  of  the  campaign  maps  has  been  in  progress,  and  the 
engraving  of  portions  of  them  has  been  completed,  and  of  others  is  in 
progress. 

Brevet  Brigadier  General  Michler  is  charged  with  the  preparation  of 
the  maps  of  the  campaigns  of  the  armies  of  the  Potomac  and  James, 
and  Colonel  Edward  Euger,  late  of  the  volunteers,  with  those  of  the 
western  armies.  The  re-survey  of  the  battle-field  of  Gettysburg,  Penn- 
sylvania, has  been  commenced,  and  has  progressed  satisfactorily.  (See 
Appendix  Y.) 

ESTIMATE  OF  SURVEYS  FOR  MILITARY  DEFENSES. 

There  will  be  required  for  continuing  the  surveys  relating  to  per- 
manent sea-coast  defenses,  explorations,  surveys,  and  reconnaissances  in 
the  interior,  and  the  collection  of  topographical  and  gther  information 
of  the  country  occupied  by  military  forces,  for  the  compilation,  engrav- 
ing, printing,  and  distribution  of  maps,  including  campaign  maps,  the 
sum  of  (200,000. 

OFFICE  OF  THE  CHIEF  OF  ENGINEERS. 

In  the  labors  of  the  office  I  have  been  assisted  by  the  following  offi- 
cers in  charge  of  its  five  divisions : 

First  division. — Fortificationsj  cfec.  Lieutenant  Colonel  J.  D.  Kurtz, 
brevet  colonel  United  States  Army. 

Secon  division. — Battalion  and  depots,  lands,  armaments^  personnel, 
&e.,  Major  T.  L.  Casey,  brevet  colonel  United  States  Army. 

Third  division. — River  and  harbor  improvements,  &c,,  Major  J.  G. 
Parke,  brevet  major  general  United  States  Army. 

Fourth  division. — Property,  accounts,  estimates,  funds,  &o,.  Major  W 
P.  CraighiU,  brevetlieutenant  colonel  United  States  Army. 
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Fifth  division. — Survey  of  the  lakes j  explorations,  maps,  instrumentSy 
&c.y  Lieutenant  Colonel  I.  C.  Woodruff,  brevet  brigadier  general  Fnited 
States  Army. 

On  special  duty. — Ejcperiments  relating  to  iron  shields  and  counter- 
poise gun  carriages,  Captain  W.  R.  King,  brevet  major  United  States 
Army. 

Very  respectfiilly,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brig.  Oen.  and  Chief  of  Engineers, 

Commanding  Corps  of  Ungineers, 

The  Adjutant  General  of  the  Army. 


APPENDIX. 


Appendix  A. 


Extract  from  the  annual  report  of  Brevet  Colonel  J.  B,  Wheeler^  corps  of 
engineers^  upon  the  lake  harbor  improvements  in  his  charge. 

United  States  Engineer's  Office, 

MilwauJceCj  Wis.j  August  31,  18G9. 

General:  I  have  the  honor  to  submit  this  my  annual  report  of  the 
operations  and  progress  of  the  works  under  my  direction,  for  the  fiscal 
year  ending  June  30, 1869. 

In  the  amounts  reported  as  unexpended  on  June  30, 1869,  at  each  har- 
bor, I  give  the  sums  due  the  harbor  from  the  appropriations  and  allot- 
ments, as  shown  by  my  books  at  that  date.  Of  course  there  were 
liabilities  incurred  previous  to  that  date  which  reduce  these  amounts 
considerably. 

In  conclusion,  I  would  again  urge  the  great  importance  to  these  harbors 
of  consistent  and  uniform  action  in  appropriating  money  for  these  works. 
I  would,  therefore,  repeat  the  remarks  made  on  this  and  other  subjects 
in  my  report  for  1868. 

During  the  year  I  was  relieved  by  Brevet  Lieutenant  Colonel  Far- 
quhar,  captain  of  engineers,  in  obedience  to  orders  from  the  Chief  of  Engi- 
neers, of  November  10, 1808,  of  the  works  on  the  eastern  shore  of  Lake 
Michigan,  in  the  State  of  Michigan,  excepting  New  Buffalo.  By  orders 
of  the  same  date,  Captain  Mackenzie  was  relieved  from  duty  with  me. 

Captain  Cuyler  reported  to  me  in  December,  1868,  and  was  assigned  to 
the  charge  of  the  harbors  of  Superior  City,  Ontonagon  and  Eagle  Harbor, 
in  place  of  assistant  Henry  Bacon,  who  resigned  his  position  to  resume 
the  practice  of  his  profession  in  Indiana.  With  these  exceptions  the 
organization  of  my  office  and  duties  of  my  assistants  remain  substan- 
tially the  same  as  heretofore  given.  Annexed  is  an  abstract  of  all  con- 
tracts made  by  me  during  the  fiscal  year  ending  June  30, 1869;  also  a 
recapitulation  of  the  amounts  required  for  completion,  and  for  the  next 
fiscal  year.  It  is  well  to  state  that  the  word  completion  is  relative, 
meaning  the  completion  of  a  given  plan. 

My  sincere  thanks  are  due  to  the  General  commanding,  and  the  officers 
at  the  headquarters  of  the  corps  of  engineers,  for  the  promptness  always 
shown  in  replying.td  my  requests  and- requisitions. 

All  of  which  is  respectfully  submitted. 

J.B.WHEELER. 
Major  of  Engineers^  Brevet  Colonel^  and  Superintending  Engineer. 

Major  General  A.  A.  Humphreys,  '    * 

Chief  of  Engineers  J  &c. 
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Abstract  of  contracts  mads  during  the  fiscal  year  ending  June  30, 1869. 


Placo  and  contractor. 


BUPEKIOB  CITY,  WM. 

H.  G.  Cobum,  May  15, 18G9. 


ONTOXAGOy,  laCH. 

Engenc  F.  Prince,  November 

2t,  1868. 


EAGLE  HAHBOB,  IQCH. 

George  W.  Townaend,  January 
ii6, 1869. 

MABQUBTTB,    MICH. 

Hart  &  Jennings,  June  18, 1869. 


GBBBN  BAT,  MICH. 

William   Bichardaon,   Aaguat 

8,  1868. 
William  Bichardson,  May  15, 

18C9. 
Smoke  &  Shnette,  June  18, 1869. 


MANITOWOC,  WIB. 

John  Shnette,  MayS8, 1869. 
David  Smoke,  Ma^  36, 1869. 


Jo»epli  Vilas,  June  5, 18(9. 


SHEBOYGAN,  WIS. 

John  Silbcmagel,  October,  23, 

l-iCS. 
Hnrri^on  Barrett,  October  23, 

ic»r>8. 
S.  M.  Barrett,  June  23,1869 


Labor  and  materials. 


Twelve-inch  square  timber,  per  lineal  foot 

Plank  and  scantling,  per  thousand.  (B.  M.) 

Brush  or  slabs,  per  cord  of  128  cubic  foot 

Stone  ballast 

Pile  timber,  per  lineal  foot 

Framing  timber,  per  lineal  foot 

Driyin^  piles,  per  lineal  foot  of  timber  driven. 

Iron  dnft  bolts,  per  pound 

Iron  spikes,  per  pound 


For  removing  455 piles  (more  or  less)  on  east  side  of  channel. 

For  removing  sunken  cribs  (4  or  5  in  number) 

For  13-inch  square  timber,  per  lineal  foot 

Pine  plank,  per  thousand  (B.  M.) 

Brush,  per  cord  of  128  cubic  feet 

Driving  piles,  each 

Removing  and  putting  stone  in  pier,  per  cord 

Framing  timber,  ^er  uneal  foot 


Blasting  and  removing  rock,  per  cubic  yard. 


Twelve-inch  square  timber,  per  lineal  foot 

Iron  drift  bolts,  per  pound 

Stone  ballast,  per  cubic  yjurd • 

Framing  timber,  including  placing,  sinking,  and  flUing  cribs. 


Dredging,  per  cubic  yard. 


Furnishing  dredging  machine,  tug-boat,  dump  scows,  at 

l)or  day  of  10  hours'  work , 

Twelve-inch  square  pine  timber,  per  lineal  foot 

6  by  12-inch  pine  timoer,  per  lineal  foot 

Pile  timber,  (Norway  pine,)  per  lineal  foot 

Iron  drift  bolts,  per  pound 

Iron  screw  bolto,  per  pound , 

Stone  ballast,  per  core  of  128  cubic  feet 

Brush,  per  cord  of  128  cubic  feet , 

Framing  timber,  per  lineal  foot 

Driving  piles,  each 

Cutting  ofl'  and  leveling  niles,  each , 

Putting  tenons  in  plate  timbers,  each 


Dredging,  per  cubic  yard 

Twelve-iuch  square  pine  timber,  per  lineal  foot , 

Twelve-inch  square  hemlock,  per  linesd  foot , 

Pine  plank,  per  thousand  (B.  M.) 

Oak  plank,  per  thousand,  (B.  M.) 

Pile  timl)er,  per  lineal  foot 

Stone  ballast,  per  cubic  yard , 

Brush,  per  cubic  yard 

Framing  timber,  including  placing.  Sinking,  and  filling 

cribs,  per  lineal  foot 

Driving  piles,  each 

Removing  old  cribs,  each 

Wronght-iron  drift  bolts,  per  pound .*. , 

Wrought-iron  spikes,  per  pound 


Stone  ballast,  per  cord  of  128  cubic  feet 

Stone  ballast,  per  cord  of  128  cubic  feet 

Twelve-inch  square  timber,  per  lineal  foot 

Framing  timber,  including  placing,  sinking,  and   flUing 

cribs,  per  lineal  foot 

Stone  ballast,  per  cord  of  128  per  cubic  feet 


,  per  cord  of  vje  per 
Brush,  per  cord  of  128  cubic  feet 


V 
Wrought-iron  bolts,  per  pound. 


Price. 


#0  90 

16  00 

3  00 

11  00 

19 

20 

13 

2,690  00 

3,000  00 

14 

15  00 

5  SO 

5  00 

1  75 

18 


40  00 


90 

05 

1  23 

14 


30 


140  00 

14 

09 

11 

05 

19 

10  00 

950 

14 

1  50 

30 

75 

90 

15 

14 

14  00 

20  00 

15 

1  75 

30 

17 

2  50 

60  00 

(Hi 

ool 

8  75 

8  75 

20 

16 

8  00 

300 

044 
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AbHraet  of  contracts,  4^, — ContiBBed. 


Place  and  contractor. 

Labor  and  materiala. 

Price. 

RACINE,  wn. 
Fred.  M.  Knapp,  June  10, 18G9. 

Three-inch  pine  plank,  per  thousand  (B.  M.) 

|15  00 

Four-inch  pine  plank,  per  thousand  (B.  M.) '. 

15  00 

Twelve-inch  square  pine  timber,  per  thousand  (B.  H.) 

Wroxight-iron  bolts,  per  pound 

18  33 
04 

Wroujght-iron  spikes,  per  pound 

06 

Framing  timber,  perluiea  foot 

10 

Bemovlne  timbers  of  old  pier,  per  lineal  foot 

03 

Driring  sheet  piles,  per  running  foot  of  pier 

1  50 

W  hlte  oak,  or  Norway  pine  piles,  per  lineal  foot 

84 

7>rivl|n£  round  piles,  each  .       .                   ^      ,   , .  ^ 

5  00 

Putting  government  stone  into  cribs,  per  oord 

4  00 

s 

Bowlder  stone,  per  cord  of  128  cubic  feet 

13  50 

Rubble' stone,  per  oord  of  138  cubic  feet 

18  SO 

Dredging,  per  cubic  yard 

35 

Amount  of  the  estimated  cost  of  the  completion  of  the  several  lake  harbor  improvements  under 
the  superintendence  of  Brevet  Colonel  J,  B,  Wheeler j  major  qf  engineers,  together  with  thfi 
sums  asked  for  the  next  fiscal  year. 


No. 


1 
3 

3 

4 

5 

6 

7 

8 

9 

10 

11 

13 

13 


Name. 


Superior  City,  Wis. 
Ontonagon,  Mich... 
Eagle  Hiarbor,  Mich 

Marquette,  Mich... 

Green  Bay,  "Wis 

Manitowoc,  Wis... 

Sheboj'gan,  Wis 

Milwaukee,  Wis... 

Bacine,  Wis 

Kenosha,  Wis 

Chicago,  HI 

Michigan  City,  Ind. 

New  Buffido,  "Mich. 


Nature  of  the  work. 


Extension  of  piers 

Extension  of  piers 

Excavation  of  rocks  and  construc- 
tion of  piers. 

Construction  of  breakwat^ 

Cutting  new  channel 

Extension  of  piers  and  dredging 

Extraision  of  piers 

Extension  of  piers 

Extension  of  piers 

Repairing  piers  and  dredging 

Extension  of  piers 

Exteosion  of  piers,  dredging,  and 
sheath  piling. 

Dredging  new  cut 


Total. 


Amount  requir* 
ed  to  complete 
t^e  work. 


•155, 300  00 
838,780  00 
196, 894  00 

873.130  00 
17,500  00 
31,000  00 
34,000  00 
94,000  00 
40,000  00 
40,000  00 
45,000  00 


1, 185, 004  00 


Sums  asked 
for  the  next 
fiscal  year. 


175,000  00 
80,000  00 


91,000  00 
17,500  00 
31,000  00 
34,000  00 
54,000  00 
40,000  00 
40,000  00 
45,000  00 


607,500  00 


A  1. 

Milwaukee,  Wis.,  December  24, 1868. 

.  GENEBAii:  I  have  the  honor  to  acknowledge  the  receipt,  on  the  22d 
instant,  of  your  letter  of  December  17,  inclosing  two  communications 
from  Mr.  David  Quinn,  dated,  respectively,  November  25  and  December 
6, 1868,  with  instructions  from  you  "to  report  all  facts  relative  to  the 
work,  with  amount  and  character  of  work  done"  at  Eagle  Harbor,  Lake 

A  contract  was  made  with  David  Quinn,  of  Chicago,  on  the  10th  day 
of  August,  1867,  to  remove  the  rock  from  the  entrance  to  Eagle  Harbor, 
so  as  to  obtain  a  depth  of  not  less  then  fourteen  (14)  feet  at  low  water. 
The  work  to  be  commenced  on  or  before  the  1st  day  of  September,  1867, 
and  finished  by  October  1. 1868.  The  engineer's  estimate  was  eighteen 
hundred  and  three  (1,803)  cubic  yards  to  be  removed.  The  advertise- 
ment^calling  for  proposals  stated  that  it  was  "  situated  in  the  middle  of 
the  entrance,  included  within  an  area  of  two  hundred  and  sixty  (260) 
by  one  hundred  and  thirty  (130)  feet,  and  in  a  depth  of  water  not  less 
than  ten  (10)  feet."  A  copy  of  this  contract,  with  the  advertisement 
attached,  is  on  file  in  your  of^ce. 
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At  the  time  of  bidding,  and  at  other  times  when  asked  for,  a  copy  of 
the  map  of  Eagle  Harbor,  with  this  area,  above  mentioned,  marked 
upon  it,  was  shown  to  all  persons  desirous  of  knowing  the  location  of 
the  work.  I  am  under  the 'impression  that  Mr.  Qainn  was  furnished 
with  a  tracing  of  this  map,  but  have  no  record  of  the  fact  or  his  asking 
for  it. 

Upon  examining  the  records  of  this  office  I  ascertain,  from  Mr.  Bacon's 
letters  to  me  and  Mr.  Quinn's  letters,  the  following  dates  and  facts,  viz: 
That  Mr.  Quinn  was  at  Eagle  Harbor  on  the  10th  of  September,  1867, 
apparently  to  examine  the  locality,  and  did  not  notify  Mr.  Bacon,  the 
assistant  engineer  in  charge  of  this  harbor,  that  he  was  to  be  there  at 
that  time.  On  the  24th  of  September,  assistant  Bacon  writes  from  Eagle 
Hiirbor,  that  the  contractor  is  not  there,  and  gives  his  idea  of  the  mag- 
nitude of  the  work. 

Mr.  Bacon  writes  again  from  Eagle  Harbor,  on  the  29th  of  October, 
that  "Mr.  Quinn,  had  not  as  yet  settled  on  his  plan  of  operations, '^  and 
recommends  a  remeasurement  of  the  work.  It  appears  that  Mr.  Quinn 
had  returned  to  Eagle  Harbor,  leaving  Milwaukee,  Wis.,  on  October  24th, 
and  met  Mr.  Bacon  on  the  29th  of  October,  1867,  at  Eagle  Harbor. 

On  the  30th  of  November,  Mr.  Bacon  writes  that  as  soon  as  ice  is  firm 
enough  that  Mr.  Qainn  would  try  surface  blasting ;  that  Mr.  Quinn  has 
no  fixed  plan  of  operations;  and  that  '^Mr.  Quinn's  operations  must  of 
necessity  be,  for  the  first,  in  a  measure  experimental." 

On  the  24th  of  January,  1868,  Mr.  Quinn  had  returned  to  Eagle  Har- 
bor, and  on  the  26th  Mr.  Bacon  was  there.  On  the  8th  of  February, 
Mr.  Bacon  transmitted  a  report,  giving  in  detail  the  measurements  of  the 
work,  calculations  of  the  amount  to  be  excavated  and  the  exact  location 
of  the  ranges,  by  which  Mr.  Quinn  could  work.  He  states  that  the  ice 
did  not  form  sufficiently  strong  until  the  latter  part  of  January  for  him 
to  make  the  survey  required.  At  the  same  time  he  reports  the  want  of 
success  in  surface  blasting,  as  tried  by  Mr.  Quinn. 

This  failure  of  the  surface  blasting  and  the  survey  was  reported  by  me 
to  headquarters  on  February  13th.  On  February  9th  Mr.  Bacon  left 
Eagle  Harbor. 

Mr.  Qainn  apx)ears  to  have  abandoned  all  surface  blasting  during  this 
month  of  February,  and  commenced  the  experiment  of  drilling  holes  in 
the  rock  and  charging  them  with  explosive  compounds. 

Mr.  Bacon  writes  on  the  2d  of  March  that  Mr.  Quinn  writes-him  that 
"  he  is  succeeding  beyond  his  most  sanguine  expectations."  In  a  letter  to 
me  of  February  24th^  Mr.  Quinn  states  the  same  thing.  On  the  25th  of 
March  Mr.  Bacon  writes  that  the  ice  had  broken  up,  and  Mr.  Quinn  had 
left  Eagle  Harbor  to  procure  machinery,  &c.,  for  drilling  these  holes  by 
steam. 

In  his  report  of  March  31st  Mr.  Bacon  refers  to  Mr.  Quinn  having  wasted 
the  greater  part  of  February  in  his  experiments  of  surface  blasting,  both 
with  powder  and  nitro-glycerine.  He  reports  very  favorably  upon  the 
experiments  made  in  drilling  holes  and  charging  them  with  nitro- 
glycerine. He  reports  having  measured  100  cubic  yards  of  loose  rock 
removed,  and  recommends  payment  for  this  amount. 

From  this  time  to  the  latter  part  of  May,  1868,  nothing  was  done. 

Under  date  of  June  22d  Mr.  Bacon  reports  Mr.  Quinn  at  work ;  wait- 
ing for  nitro-glycerine;  and  notices  an  absence  of  any  matured  plan  of 
operations  on  the  part  of  Mr.  Quinn. 

On  the  3d  of  August  Mr.  Quinn  left  for  !N"ew  York  to  see  about  his 
nitro-glycerine,  that  was  still  delaj-ed.  At  this  point  we  may  consider 
the  work  as  stopped  by  Mr;  Quinn. 
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Under  date  of  September  30tli  Mr.  Bacon  writes  that,  in  his  opinion, 
the  cause  of  Mr.  Quinn's  faiUire  was  his  over-confidence,  making  him 
undervahie  the  magnitude  of  his  work,  and  says  that  "in  June  Qoinn 
thought  the  work  more  than  half  done,"  but  that  he  (Bacon)  thought 
that  not  more  than  one-seventh  had  been  done. 

In  iNTovember  I  sent  Mr.  Bacon  to  Eagle  Harbor  to  measure  up  the 
work  done,  and  under  date  of  November  19th  he  reports  197  cubic  yards 
of  loose  rock  and  gravel  and  20  cubic  yards  of  broken  rock  removed — ^in 
all,  217  cubic  yards.  Also  from  400  to  450  lioles  drilled ;  which,  allowing 
an  average  depth  of  four  feet  each,  would  give  1,800  feet  of  drilling  done. 
This  drilling  can  be  done  for  one  dollar  and  twenty-five  cents  per  foot. 
Allowing  him  this  liberal  estimate,  Mr.  Bacon  thinks  that  he  has  been 
paid  in  full  for  what  he  has  done,  in  which  I  agree.  The  217  cubic  yards. 
at  $58,  would  amount  to  $12,686;  the  1,800  feet  of  drilling,  at  $1  25, 
would  amount  to  $2,250 ;  total  $14,836. 

Mr.  Quinn  has  received  90  per  cent,  of  his  contract  price  on  300  cubic 
yards,  or  $15,660.  These  payments  being  made  respectively  on  May  13, 
July  24,  and  September  10, 1868,  on  estimates  of  Mr.  Bacon. 

I  append  to  this  letter  a  copy  of  Mr.  Bacon's  report  to  me  for  Novem- 
ber, with  a  summary  of  the  season's  work,  that  was  prepared  without 
any  reference  to  the  matter  now  before  us,  that  goes  over  the  whole 
ground,  and  is  in  itself  a  complete  answer  to  your  letter  of  December  17. 
The  foregoing  facts  and  Mr.  Bacon's  reports  are  sufficient,  without  my 
attempting  to  reply  to  Mr.  Quinn's  communications. 

In  my  opinion  Mr.  Quinn  has  failed  to  do  the  work,  in  consequence 
of  ignorance  and  misapprehension  of  what  he  had  to  do,  combined  with 
a  want  of  means  or  ability  to  procure  sufficient  funds  to  carry  on  the 
work  under  a  systematic  and  well  matured  plan  of  operations.  And  I 
also  think  that  he  has  been  paid  in  full  for  all  labor  performed  at  Eagle 
Harbor,  and  that  it  would  be  wrong  a^d  unjust,  even  to  Mr.  Quinn  him- 
self, to  extend  the  time  of  his  contract. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

J.  B.  WHEELER. 
Major  of  Engineers  cmd  Brevet  Colonel. 

Major  General  A.  A.  Humphreys, 

Chief  of  Engineers,  <fcc. 

P.  S.-«-Mr.  Quinn's  letters  to  you  are  herewith  returned. 


Eagle  Earhor  monthly  report  for  November^  1868;  being  also  the  report  for 

the  close  of  the  season, 

Ontonagon,  Mich.,  December  7, 1868. 

Sir  :  In  making  the  regular  monthly  report  for  November,  1868, 1  will 
combine  the  report  required  by  your  letter  of  October  1, 1868,  for  the 
close  of  the  working  season. 

During  the  month  of  November,  1868,  no  work  has  been  done  or  at- 
temptedsat  Eagle  Harbor  by  the  contractor,  Mr.  Quinn.  His  contract 
time  expired  on  the  Ist  day  of  October,  1868.  and  his  application  for 
an  extension  of  time  has  been  refused  by  the  Chief  of  Engineers.  The 
work  has  been  advertised  t®  be  re-let  December  30, 1868,  by  advertise- 
ment dated  October  12, 1868.  This  course  will  probably  secure  the  com- 
pletion of  the  work  one  or  two  years  sooner  than  to  leave  it  in  the  hands 
of  Mr  Quinn,  and  at  a  largely  reduced  cost. 
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By  your  orders,  I  left  Ontonagon  on  the  6th  of  November,  1868, 
and  arrived  at  Eagle  Harbor  the  next  day,  and  remained  there  till 
November  19,  then  left  for  Ontonagon,  and  arrived  November  22. 

During  this  visit  at  Eagle  Harbor,  I  made  as  careful  measurement 
and  cross-sections  of  tlie  proposed  channel,  in  squares  of  ten  feet,  a«  was 
practicable ;  the  results  of  which  I  transmitted  to  you  under  date  of 
November  19, 1868.  I  will  make  those  results,  and  the  accompanying 
table  of  cuttings  and  calculation  of  contents,  a  part  of  this  report,  with 
the  following  extract  from  my  letter  of  November  19, 1868 : 

^^I  have  completed  the  cross-sectioning  of  the  proposed  channel  at 
this  place,  and  will  transmit  the  results  of  the  measurements  and  calcu- 
lations herewith. 

"There  has  been  only  two  days  since  the  day  of  my  arrival  (Novem- 
ber 7)  when  anything  could  be  done  which  would  approach  to  a<5curacy. 

"  My  soundings  were  all  made  on  the  12th  and  18th  of  the  present 
month.  They  are  approximately  accurate,  but  if  the  remaining  excava- 
tion is  to  be  let  by  the  cubic  yard,  I  would  recommend  a  resurvey  to  be 
made  when  the  ice  is  frozen  to  work  on. 

"I  made  these  soundings  from  a  raft  of  about  forty  feet  length, 
which  we  tried  to  hold  in  place  with  anchors  and  poles,  but  I  could  not 
do  better  than  a  close  approximation  to  position.  I  would  say  that  the 
estimate  is  sufficiently  accurate  for  a  settlement  with  Mr.  Quiun,  as  the 
work  of  drilling  done  must  be  taken  into  the  account  to  give  him  title 
to  the  pay  already  drawn,  which  could  not  have  been  drawn  at  all  under  a 
strict  construction  of  the  contract.  The  results  show  217  cubic  yards  of 
rock  removed.  This  is  nearly  all  loose  rock  and  pebbles ;  I  would  not 
estimate  twenty  yards  of  broken  rock  removed.  The  value  of  the  217 
yards,  compared  with  the  whole  work,  is  cert>ainly  not  over  66|  per 
cent,  in  propoition,  these  being  equal  to  145  yards.  There  are,  perhaps, 
400  to  460  holes  drilled,  averaging  not  over  four  feet  eaeh,  or  1,800  feet. 
The  highest  estimate  of  the  cost  of  such  drilling  is  $1  25  per  foot.  Yery 
many  of  these  holes  will  be  found  useless  in  the  progress  of  the  work.'' 

I  send  the  pay-rolls  for  the  labor  1  have  employed  on  the  survey, 
amounting  to  $47.  The  contract  with  Mr.  David  Quinn  for  excavating 
the  rock  was  executed  August  10, 1867  j  the  work  having  been  assigned 
to  him  as  the  lowest  responsible  bidder,  July  31, 1867.  It  was  to  begin 
by  September  1, 1867,  and  be  completed  October  1, 1868.  Mr.  Quinn 
made  two  visit*  to  Eagle  Harbor  during  the  season  of  1867^  but  did  no 
work,  and  made  no  preparation  for  work  before  the  close  of  navigation. 
Yery  little  could  hare  been  done  excepting  during  about  three  weeks  in 
October  1867,  when  the  weather  was  very  favorable.  His  plan,  at  the 
close  of  the  sea>son,  was  to  work  on  the  ice  during  the  frozen  season. 
He  had  no  materials  or  machinery,  such  as  drills,  drilling  machinery, 
powder,  nitro-glycerine,  &c.,  and  it  was  impracticable  to  get  a  drilling 
machine,  the  nitro-glycerine,  or  the  proper  quality  o^  powder,  before 
the  opening  of  navigation  in  1868. 

As  soon  as  the  harbor  was  well  frozen,  in  January,  1868, 1  made  an  accu- 
rate survey  and  soundings  on  and  near  the  proposed  channel,  in  order 
to  determine  the  best  location,  and  quantity  of  excavation.  The  survey 
and  calculations  were  completed  February  8,  1868  and  I  would  here 
refer  to  the  plan,  table,  and  calculations,  as  reported  under  that  date. 
From  these  results  it  was  determined  to  locate  the  channel  to  be  exca- 
vated, 80  feet  wide,  being  from  25  feet  to  ]i)5  feet,  west  of  the  Target 
range,  and  sections  10  to  17  inclusive.  This  woula  require  2,040  cubic 
yards  of  rock  excavation, 

Mr.  Quinn  was  present  during  the  survey,  and  prepared  to  test  hia 
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theory  that  the  rock  could  be  blasted  by  powder  exploded  on  the  surface. 
He  had  caused  some  experiments  to  be  made  in  1867,  without  any  percep- 
tible effect,  and  it  was  again  manifest  that  he  might  as  well  explode 
powder  on  thfe  water  surface.  Six  or  eight  kegs  of  powder  x>roduced  no 
perceptible  effect  on  the  rock.  He  exploded  ten  pounds  of  nitroglycerine 
on  the  surface  of  the  rock  in  about  ten  feet  of  the  water  with  the  same 
result.  He  then  abandoned  the  plan  on  which  he  had  depended,  and 
proceeded  to  drilling.  This  he  wa«  obliged  to  do  in  the  most  primitive 
manner,  with  hammers  first,  and  then  spring  poles.  The  ice  season 
proved  unusually  shorty  lasting  only  from  the  latter  part  of  January  to 
about  the  10th  of  Marcu.  He  had  a  large  force  of  men  for  a  short  time, 
drilling  and  grappling  the  loose  rock.  When  the  ice  broke  up,  about 
200  or  300  lineal  feet  of  holes  had  been  drilled,  and  about  100  cubic  yards 
of  the  rock  removed.  He  was  then  paid  for  100  cubic  yards  of  excava- 
tion at  $  jS  per  yard,  less  ten  per  cent. — $5,230. 

IS'othing  more  was  done  to  the  work  till  June,  1868.  Mr.  Quinn  thei^ 
began  drilling,  with  a  good  face,  with  spring  poles,  on  rafts.  Ko  blast- 
ing was  done  in  June,  as  he  had  made  up  his  mind  that  nothing  but 
nitroglycerine  would  answer  the  purpose,  and  he  could  not  obtain  that, 
although  it  had  been  j)romised  to  be  shipped  from  New  York  as  early  as 
May  15.  Nitro-glycerine  is  undoubtedly  preferable  to  powder,  but  pow- 
der could  be  made  to  do  the  work,  as  the  rock  is  not  clifficult  to  drill  or 
fracture.  No  blasting  was  done  till  about  July  9,  when  Mr.  Quinn 
obtained  sixty  pounds  of  nitroglycerine  from  a  mining  company,  at  an 
enormous  cost,  and  exploded  about  fifty  cartridges  in  holes  scattered 
without  system,  most  of  them  being  in  the  deeper  parts  of  the  excava- 
tion. As  might  have  been  expected^  the  results  were  not  very  satisfac- 
tory, although  it  proved  the  power  of  the  explosive.  Common  sense 
would  indicate  that  it  would  be  better  to  begin  blasting  on  a  system  to 
obtain  a/ac«.  Bat  all  the  drilling  has  been  done  at  hap-hazard,  trust- 
ing in  the  power  of  the  oil  to  blow  the  rock  to  atoms,  without  system. 
Some  of  the  charges  i)roduced  a  good  effect,  though  in  most  cases  the 
rock  seems  to  be  crushed,  but  not  sufficiently  broken  to  allow  its  ready 
removal. 

Mr.  Quinn  continued  the  work  of  drilling  and  picking  up  loose  rock, 
with  a  diminished  force,  till  about  the  middle  of  August,  when  all  work 
was  finally  discontinued.  He  left,  in  pursuit  of  nitro-glycerine,  August 
3,  and  I  have  heard  nothing  directly  from  him  since. 

On  the  16th  of  July,  1868, 100  cubic  yards  of  excavation  was  reported, 
and  90  per  cent,  has  been  paid,  $5,220,  making  the  total  payments 
$10,440. 

Neither  of  the  payments  could  have  been  made  under  a  strict  construc- 
tion of  the  contract,  but  both  were  made  at  Mr.  Quinn's  urgent  request, 
to  assist  in  continuing  the  work. 

In  my  opinion  tiiese  payments  cover  the  full  value  of  all  the  work 
done,  estimating  the  whole  job  at  $58  per  cubic  yard.  The  season  of 
1868,  from  early  in  May  to  the  middle  of  August,  was  one  of  the  most 
favorable  that  has  been  observed  since  the  settlement  of  the  country. 
Since  the  middle  of  August  it  has  been  extremely  unfavorable. 

I  am  sorry  to  report  so  little  work  accomplished,  and  have  indicated 
the  causes  of  failure. 

Very  respectfully,  your  obedient  servant, 

HENEY  BACON,  Assistmt. 

Colonel  J.  B.  Wheeler, 

Major  of  Enginetra  U.  8.  Army^  Milwaukee^  Wisconsin* 
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A  2. 

Headqttabtebs  Corps  of  Engineers, 

Wdshington^  D.  C,  Decemjber  9, 1868. 

General  :  In  compliance  with  the  request  of  the  Hon.  T.  W.  Ferry, 
member  of  Congress,  and  with  your  approval,  Brevet  Colonel  J.  B. 
Wheeler,  corps  of  engineers,  was  directed  in  June  last  to  make  a  survey 
of  the  harbor  of  Charlevoix,  Michigan,  and  submit  a  plan  for  its  im- 
provement, with  an  estimate  of  the  cost,  &c.  The  survey  ha«been  com- 
pleted and  the  report  presented,  a  copy  of  which  is  herewith  submitted. 
The  estimated  cost  of  the  improvement  of  the  harbor  is,  in  round  num- 
bers, $200,000,  and  Colonel  Wheeler  remarks  that  "  from  the  location  of 
the  harbor,  and  the  width  of 'channel  that  we  are  obliged  to  adopt  in 
improving  it,  I  am  .of  the  opinion  that  the  interests  of  commerce  do  not 
require  this  place  to  be  made  a  harbor  of  refuge." 
«  The  views  of  Colonel  Wheeler  are  concurred  in. 
Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brig.  OenH  of  UngineerSj  Commanding. 

Msgor  General  J.  M.  Schofdeld, 

Secretary  of  War, 


Milwaukee,  Wisconsin,  October  28, 1868. 

General  :  I  have  the  honor  to  transmit  herewith  a  tracing  of  the 
map  made  of  Charlevoix  Harbor,  with  a  plan  and  estimates  of  the  cost 
of  improving  this  harbor,  prepared  under  the  instructions  from  the  head- 
quarters of  the  corps  of  engineers,  of  June  18, 1868. 

This  survey  and  the  estimates  were  made  under  my  direction  by  M. 
T.  Casgrain,  who  has  comx>iled  all  the  information  necessary  to  a  full 
understanding  of  the  advantages  and  the  difficulties  of  improving  this 
harbor^  in  the  accompanying  report. 

It  will  be  seen  from  this  report  that  it  will  be  possible  to  improve  a 
channel  only  one  hundred  feet  wide,  and  to  do  this  the  estimated  cost 
wiU  be  $198,044  14— nearly  $200,000. 

From  the  location  of  this  harbor,  and  the  width  of  channel  that  we 
are  obliged  to  adopt  in  improving  it,  I  am  of  the  opinion  that  the  inter- 
ests of  commerce  do  not  require  this  place  to  be  made  a  harbor  of 
refuge. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

J.  B.  WHEELER, 
Major  of  Engineers  and  Brevet  Colonel. 

Mfgor^General  A.  A.  Hh&iphbeys, 

Chief  of  En^Sj  CovfCg  Corps  of  Eng^Sj  U.  8.  A.,  WasMngtony  D.  C. 


Office  United  States  Enoineebs, 

Milwaukee^  Ww.,  Augmt  19, 1868. 

Colonel:  I  have  the  honor  to  submit  the  following  report  and  esti- 
mates on  Charlevoix  Harbor,  (Pine  River,)  Michigan,  from  the  survey 
made,  through  your  orders,  between  July  10  and  16, 1868. 


PINE  BIVEB. 


This  river  empties  itself  in  Lake  Michigan,  between  Little  and  Grand 
Traverse  Bays.    It  is  a  narrow  and  shallow  stream  which  connects  the 
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waters  of  Eonnd  and  Pine  Lakes  with  those  of  Lake  Michigan.  From 
mouth  of  river  to  Eound  Lake  is  one  third  (J)  of  a  mile  in  length,  and 
an  average  width  of  seventy-five  feet ;  the  depth  of  water  varying  from 
two  (2)  to  six  (6)  feet ;  this  two  (2)  feet  depth  being  in  the  rapids  near 
its  mouth,  and  extending  some  six  hundred  feet.  The  bed  of  the  river 
is  sand,  marl,  gravel,  and  clay,  mixed  together,  and  stone.  From  the 
foot  of  Round  Lake  to  the  entrance  of  the  river  into  Lake  Michigan 
there  is  a  fall  of  one  foot  and  sixty-two  hundredths  (1.62.) 

VILLAGE  OF  CHAELEVOIX.. 

This  small  village  is  situated  on  the  south  side  of  the  river.  Charle- 
voix is  the  county  seat  of  Emmet  County,  which  is  fast  being  settled. 
Its  population  is  six  hundred  and  thirty  (630)  inhabitants.  It  has  a 
post  office,  two  stores,  two  hotels,  a  school-house,  and  a  steam  saw  mill. 
A  pile  pier  extending  some  nine  hundred  feet  in  the  lake  was  erected 
by  private  parties,  some  three  years  ago,  for  the  puri>ose  of  sup- 
plying the  lake  propeUers  with  cord- wood.  The  whole  of  the  land  bor- 
dering on  Pine  Lake  being  chiefly  timbered  with  beech  and  maple^  af- 
fords special  advantages  for  a  considerable  wood  trade.  The  soil  is  rich, 
being  a  sandy,  calcareous  loam,  of  considerable  uniformity.  Winter 
wheat  is  the  staple  crop  at  present,  and  does  well.  The  peculiar  mild- 
ness of  the  fall  weather  is  favorable  to  its  growth,  and  the  snow,  which 
covers  the  young  plant  in  this  region,  insures  the  crop  against  winter- 
killing. Fruit,  such  as  apples,  pears,  peaches,  and  grapes,  grown  in 
more  temperate  climates,  are  cultivated  here  with  great  success. 

EOXTND  LAKE 

Is  a  small  sheet  of  water  half  a  mile  in  diameter,  with  a  depth  of  from 
thirty  (30)  to  sixty  (60)  feet.  Extensive  farms  have  been  cleared  along 
its  shore,  which  present  a  fine  appearance.  The  head  of  Eound  Lake  is 
connected  with  Pine  Lake  by  a  narrow,  tortuous,  and  shallow  stream 
some  three-fourths  (|)  of  a  mile  in  length,  about  one  hundred  (100)  feet 
in  width,  and  a  depth  of  four  (4)  feet.  The  bed  of  the  river  is  sand, 
marl,  clay,  gravel,  and  stone.  There  is  a  fall  of  nearly  two  (2)  feet  be- 
tween Pine  and  Bound  Lakes,  forming  a  current  of  about  ftye  miles  an 
hour. 

PINE  LAKE 

Lies  about  one  mile  east  of  Lake  Michigan,  and  runs  easterly.  It  is 
fifteen  miles  long,  and  two  wide.  Six  miles  from  its  mouth,  on  the  soutih 
side  of  it,  is  an  arm  running  southward  eight  miles,  and  an  average 
width  of  half  a  mile.  There  is  a  saw  mill  at  the  head  of  Pine  Lake, 
and  a  small  tug  plies  upon  it.  The  shores  of  the  lake  are  rolling,  the 
timber  mostly  beech  and  maple,  interspersed  with  elm,  hemlock,  fir. 
and  some  pine.  Farms  are  being  cleared  up  about  it:  cottages  ana 
green  fields  begin  to  decorate  its  margin,  adding  artificial  beauty  to  the 
natural  loveliness  of  its  surroundings. 

Pine  Lake  stands  nearly  four  (4)  feet  above  Lake  Michigan.  Its 
waters  are  clear  and  yery  pure,  navigable  for  vessels  of  all  classes.  Its 
depth  varies  from  sixty  (60)  feet  to  one  hundred  (100)  feet  free  from  shoals 
and  bars. 
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PRESENT  IMPROVEMENTS  AT  THE  MOUTH  OP  RIVER. 

These  consist  only  of  a  pile  pier  which  was  built  some  three  (3)  years 
ago.  It  extends  into  Lake  Michigan  to  the  depth  of  twenty  (20)  feet, 
and  is  nearly  nine  hundred  (900)  feet  long.  It  affords  ample  accommodar 
tions  for  the  present  shipping  interests. 

An  attempt  was  made  to  open  a  straight  cut  eight  (8)  feet  deep  across 
the  narrow  sand  beach,  as  shown  by  the  line  A  B  on  the  accompany- 
ing sketch,  and  thus  effect  a  change  in  the  river  channel;  but  owing  to 
the  nature  of  the  ground,  which  is  clay  and  gravel,  with  scattered  bowld- 
ers, it  was  found  very  expensive,  and  finally  abandoned. 

The  amount  of  wood  shipped  from  this  i)oint  last  year  was  fifteen 
thousand  (15,000)  cords ;  at  $3  50  per  cord  =  $52,500. 

PROPOSED  PLAN  AND   ESTIMATES   FOR  THE   IMPROVEMENT  OF  CHAR- 
LEVOIX, PINE  RIVER  HARBOR. 

In  consequence  of  the  narrow,  tortuous,  and  shallow  channel  of  this 
river  and  the  hard  material  to  be  excavated,  together  with  the  bold  sand 
banks  which  border  its  sides,  it  was  deemed  necessary  to  limit  the  width 
of  the  channel  to  100  feet. 

The  plan  and  estimates  made  and  submitted  are  based  on  this  width, 
and  consist  in  constructing  two  parallel  piers,  extending  each  640  feet 
into  Lake  Michigan  to  tlie  depth  of  14  feet,  and  from  the  eastern  ex- 
tremity of  the  south  pier,  with  a  radius  of  410  feet,  continue  the  crib- 
work  224  feet  to  the  base  of  the  sand-hills  at  A.  The  outer  end  of  each 
pier  to  have  a  crib  32  feet  by  25  feet  by  20  feet. 

Dredge  a  channel  100  feet  wide  to  a  depth  of  12  feet,  and  protect  both 
sides  of  it  with  close  piling.  This  close  piling  to  commence  at  the  inner 
end  of  the  crib-work  and  to  extend  to  the  entrance  into  Kound  Lake. 

A. — Estimated  cost  of  one  cribj  32  feet  by  25  feet  by  20  feet 

3,353  feet  square  timber,  at  20  cents  per  lineal  foot #670  60 

288  feet  3-inch  plank,  board  measure,  at  $15  per  M 4  32 

3,938  pounds  iron  bolts,  at  10  cents  per  pound 393  80 

6  poimds  iron  spikes,  at  10  cents  per  pound 60 

89  cords  of  stone,  at  $16  per  cord 1, 424  00 

10  cords  of  brush,  at  $2  50  per  cord '. 25  00 

Labor  of  framing  and  placing,  3,353  feet,  at  20  cents  per 

Uneal  foot 670  60 

3, 188  92 
Add  10  per  cent,  for  contingencies 318  89 


3, 607  81 


B. — Estimated  cost  of  one  crib^  32  feet  by  20  feet  by  17  feet 

2,368  feet  square  timber,  at  20  cents  per  lineal  foot $473  60 

288  feet  3-inch  plank,  board  measure,  at  $15  per  M 4  32 

3,554  pounds  iron  bolts,  at  10  cents  per  pound 355  40 

6  pounds  iron  spikes,  at  10  cents  per  pound 60 

56  cords  of  stone,  at  $16  per  cord.. 896  00 
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6f  cords  of  brash,  at  $2  50  per  oord $16  88 

Labor  of  framing  and  placing,  2,368  feet,  at  20  cents  per 
lineal  foot 473  60 

2, 220  40 
Add  10  per  cent,  for  contingencies 222  04 

2,442  44 


0. — Estimated  cost  of  constrticting  1,504  feet  of  crib-workj  or  47  cribs,  for 

improving  Charlevoix  Harbor. 

20  cribs,  at  $2,442  44  for  north  pier $48, 848  80 

25  cribs,  at  $2,442  44  for  south  pier 61, 061  00 

2  cribs,  at  $3,507  81  for  outer  ends  of  each  pier 7, 015  62 

Total  cost  of  crib-work : 116, 925  42 


D. — Estimated  cost  of  close  piling  2,466  feet,  to  protect  the  river  banks 

from  abrasion. 

For  2,712  piles,  25  feet  long = 67,800  lineal' feet,  at  10  cents 

per  lineal  foot $6,  780  00 

For  4,932  feet  capping  12  inches  square,  at  20  cents  per 

lineal  foot 986  46 

For  9,864  feet  capping  6  by  12  inches,  at  10  cents  per  lineal 

foot 986  40 

For  driving  2,712  piles,  at  $3  each 8, 136  00 

For  246  cross-ties,  14  feet  long,  12  inches  square  =:  3,444 

lineal  feet,  at  20  cents  per  foot 688  80 

For  1,579  iron  bolts,  1  inch  square  ==  12  inches  long = 5,337 

pounds,  at  10  cents  per  pound 533  70 

For  492  screw  bolts,  1^  inches  round,  14  inches  long  =  1,968 

pounds,  at  20  cents  per  pound 393  60 

For  2,712  iron  bolts,  1^  inches  square,  30  inches  long  = 

51,528  pounds,  at  10  cents  per  pound 615  28 

For  labor  of  framing  and  bolting  13,308  feet,  at  20  cents 

per  lineal  foot 2,661  60 

21,681  78 
Add  10  x>6r  cent,  for  contingencies 2, 168  17 

Total  cost  of  dose  piUng 23,849  95 


It  was  found  impossible  to  determine  the  precise  quantity  of  hard  and 
soft  materiala  to  be  excavated  in  the  river  and  give  correct  estimates  for 
each.  All  the  earth  above  water,  or  dry  dredging,  is  estimated  at  thirty 
cents  per  cubic  yard.  Below  water,  taking  both  the  soft  and  hard  ma- 
terial, fifty  cents  per  cubic  yard  is  assumed  as  a  fair  price.  Separate 
estimates  for  each  of  these  are  herewith  given. 
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E. — Eatimqrted  cost  of.  dredging  the  harbor  of  Charlevoix^  MidUgan^  to 
place  the  proposed  crib  piers^  dredge  a  channel  between  thenij  and  deepen 
the  river  from  Lake  Michigan  to  Bound  Lake  a  uniform  depth  of  twelve 
feet 

To  excavate  26,860  cubic  yards  in  Lake  Michigan  to  place 
47  cribs,  and  dredge  a  channel  100  feet  wide  between 
them,  at  50  cents  per  cubic  yard tl3, 430  00 

To  exciivate  46,881.32  cubic  yards  to  enlarge  the  river  to  a 
width  of  100  feet,  and  deepen  it  12  feet,  at  50  cents  per 
cubic  yard 23, 440  66 

To  excavate  20,336.51  cubic  yards  of  earth  above  water,  at 
30  cents  per  cubic  yard 6, 100  95 

42,971  61 
Add  10  per  cent,  for  contingencies 4, 297  16 

67, 268  77 


F. — Recapitulation  of  estimates. 

To  build  1,504  feet  of  crib- work  as  per  estimate  C $116, 925  42 

To  construct  94,077.83  feet  of  close  piling,  as  per  estimate . .  23, 849  77 

To  dredge  94,077.83  cubic  yards  of  earth,  as  per  estimate .  -  67, 268  77 

Total  cost 198, 044  14 

Eespectfully  submitted. 

W.  T.  CA8GRAES. 


Appendix  B. 


Extract  from  the  annual  report  of  Brevet  Lieutenant  Colonel  FarquhoTj 
corps  of  engineers^  upon  the  lake  harbor  improvements  in  his  charge. 

United  States  Enqineeb  Office, 

Milwaukee^  Wisoonsinj  July  1»  1869. 

Genebal:  I  have  the  honor  to  submit  the  following  annual  report  of 
operations  for  the  works  of  harbor  improvements  under  my  charge  for 
the  year  ending  Juue  30, 1869. 

In  obedience  to  paragraph  3,  Special  Order  "So,  162,  dated  headquar- 
ters Corps  of  Engineers,  Washington,  D.  C,  November  10, 1868, 1  relieved 
Brevet  Colonel  J.  B.  Wheeler^  major  corps  of  engineers,  of  the  charge 
of  the  works  of  harbor  improvements  at  the  harbors  of  St.  Josephs, 
South  Haven,  Grand  Haven,  Muskegon,  White  Eiver,  Pentwater,  Pfere 
Marquette,  Manistee,  and  Aux  Bees  Scies,  Michigan. 

By  virtue  of  paragraph  6  of  the  same  order,  First  Lieutenant  E.  A. 
Woodruff,  corps  of  engineers,  was  assigned  to  duty  under  my  immedi- 
ate orders. 

•  ••••• 

In  all  cases,  the  general  plans  for  the  improvement  of  the  several 
harbors,  submitted  by  Colonel  Wheeler  and  approved  by  the  Chief  of 
Engineers,  United  States  Army,  have  been  carried  out. 
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There  have  been  some  modificatioiis  of  details  which  have  in  all  cases, 
however,  been  submitted  to,  and  approved  by,  the  Chief  of  Engineers. 

At  each  harbor  there  is  stationed  a  foreman,  whose  dnties  are  to  be 
present  at  the  work  dnring  all  working  hours  and  see  that  the  contract- 
ors comply  strictly  with  all  the  specifications  under  which  they  work, 

and  to  take  charge  of  all  public  property  belonging  to  the  work. 

•  •  •  •  •  • 


SecapituUUicny  shomng  amounts  appropriated,  amounts  unexpended  July  1, 1869,  total  amount 
expended  on  work  to  June  30, 1869,  amoimte  to  he  emended  daring  fiscal  year  ending  June  30, 
1^0,  and  amount  required  for  fiscal  year  ending  June  30, 1871. 


Name  of  harbor. 


AaxBeoa  Sdea 

Manistee 

Pte«  Marquette 

Pen  twater  —  

Month  of  White  Elver 

MoBkecon 

Grand  Haven 

Black  Lake 

Month  of  Kalamazoo  Biver 

Sonth  Haven 

St  Joseph 


■4* 


1140, 041  00 

00,000  00 

81,900  00 

73,000  00 

102,000  00 

50,000  00 

105,000  00 

100, 615  31 

30,000  00 

43,000  00 

80,000  00 


hi 


$100, 895  87 
40,437  35 
48.909  74 
47, 703  45 
50,396  S3 
49,687  04 
102,431  98 
82,196  79 


40.833  44 
28,701  89 


I? 
si 


O  v2 


130,145  13 
10,  509  75 
39,590  96 
25,297  55 
51,673  77 
16, 312  96 

3,246  93 
34,488  59 
30,000  00 

2,167  56 
581  95 


130, 145  13 
10, 569  75 
39,590  96 
25  297  55 
51,673  77 
16,313  96 

3,246  92 
34,488  50 
30.000  00 

2,167  56 
531  85 


160,000  00 
70,000  00 
52,000  00 
40,000  00 
50,000  00 
30,000  00 

100,000  00 
10,000  00 
75.000  00 
72,000  00 
60,000  00 
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Surveys  have  been  made  of  the  mouth  of  the  Aux  Bees  Scies  Eiver, 
mouth  of  White  Eiver,  and  the  mouth  of  the  Kalamazoo  Eiver.  The 
result  of  these  surveys  are  shown  on  the  sketches  attached  to  the  re- 
port on  each  of  the  localities.  A  party  is  now  engaged  on  the  surveys 
of  the  other  harbors  under  my  charge,  and  as  soon  as  maps  can  be  made 
copies  will  be  forwarded. 

I  would  respectfully  call  attention  to  the  fact  that  when  the  improve- 
ments at  a  harbor  are  completed  there  is  no  one  who  is  responsible  for 
the  proper  care  of  the  piers. 

Vessels  at  times  in  want  of  ballast  will  take  it  from  the  piers.  The 
piers  are  used  as  docks,  and  ties  are  broken  in  being  used  in  the  place 
of  snubbing  posts  to  make  fast  to. 

I  would  suggest  that  it  would  be  well  that  a  law  should  be  enacted  by 
which  the  finished  portion  of  the  work  be  placed  under  the  supervision 
of  the  collector  of  customs,  who  should  see  that  the  piers  are  not  used 
for  any  private  purposes,  and  who  should  have  power  to  enforce  the 
collection  from  vessel  owners  of  amounts  expended  in  repairing  dam- 
ages caused  by  vessels  running  to,  or  tying  up  to,  the  piers.  There  is  no 
reason  why  this  care  should  be  of  any  extra  expense  to  the  government, 
and  would  in  many  cases  save  the  cost  of  repairing  the  piers.  For  the 
history  of  the  various  works  under  my  charge,  and  the  importance  of 
the  localities  where  they  are,  I  would  refer  to  the  reports  of  the  Chief 
of  Engineers  for  1866,  1867,  and  1868. 

Under  the  authority  of  the  Chief  of  Engineers,  a  dredge  and  dump- 
scows  are  being  built  at  a  cost  of  $15,500,  and  a  tug  will  be  bought 
at  a  cost  of  $6,000.  *  The  cost  of  this  dredging  machinery  will  be  dis- 
tributed as  follows : 

From  amount  allotted  to  improvement  of  White  River  Harbor.  $8, 000 
Fi'om  amount  allotted  to  improvement  of  P6re  Marquette  Har- 
bor. . . . ; 4, 000 

From  amohnt  allotted  to  improvement  of  Pentwater  Harbor. .  4, 000 

From  amount  allotted  to  improvement  of  Black  Lake  Harbor.  4, 000 

From  amount  allotted  to  improvement  of  Saugatuck  Harbor. .  1, 500 

Total 21,500 


I  have  no  doubt  that  in  less  than  two  seasons  more  that  the  whole 
cost  of  the  dredging  machinery  will  be  saved  by  the  government  dredg- 
ing with  its  own  machinery. 

Could  the  appropriations  for  the  works  of  harbor  improvements  be 
made  in  the  early  part  of  the  winter  much  money  would  be  saved  in  the 
price  of  the  lumber  to  be  used,  as  a  great  deal,  if  not  all  of  it,  has  to  be 
hauled  for  some  distance,  which  can  be  done  much  more  easily  when 
the  ground  is  covered  with  snow. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

F.  U.  FAEQUHAR, 
Captain  U.  8.  Engineers  and  Bvt,  Lieut.  CoL  U.  8.  Army, 

Brevet  Maj.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  U.  8,  Anny^  Washington^  D.  0. 


Bl. 

ATJX  BECS  SCIES  HARBOR,  (FRANKFORT.) 

The  work  done  at  this  harbor  for  the  last  fiscal  year  wa^  as  follows : 
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12,641  cubic  yards  of  earth  removed  from  between  piers ;  114  cords  of 

brush  tilling  put  in  piers ;  382  cords  stone  filling  put  in  piers ;  165  cubic 

feet  of  timber  furnished. 

•  •  •  •  •  • 

Owing  to  the  lateness  of  the  season  (1869)  work  commencing,  not 
much  progress  was  made  during  the  last  nscal  year.  It  will  be  seen  by 
the  accompanying  tracing  that  much  of  the  dredging  of  last  year  has 
again  to  be  done  during  the  present  year.  May  20, 1869,  a  contract  for 
doing  the  work  at  this  harbor  was  entered  into  with  Messrs.  Whitwood 
and  Hubbell.  They  did  not  get  their  dredging  machinery  in  place  until 
the  18th  of  June.    The  following  ar^  the  prices  paid : 

Timber — pine  12  inches  square,  per  cubic  foot f  0  17 

Piles — elm  or  Norway  pines,  30  feet  long,  each 2  75 

128  cubic  feet  for  stone,  per  cord 17  00 

128  cubic  feet  for  brush,  per  cord 4  50 

128  cubic  feet  for  slabs,  per  cord 2  50 

For  framing,  per  cubic  foot  of  timber  used  in  construction,  the 
framing  to  include  placing,  filling,  and  sinking  of  cribs  and 

leveling  bottom 18 

For  driving  piles,  each 3  00 

For  dredging,  per  cubic  yard 35 

The  work  proposed  for  the  present  season  is  to  carry  out  the  north 
pier  extension  320  feet,  to  build  two  short  wings  to  protect  inner  ends  of 
pile  revetments,  and  to  dredge  out  the  channel  between  the  piers  to  a 
depth  of  10  feet.  • 

To  make  a  good  harbor  of  refuge,  (and  it  is  much  needed  as  such,) 
both  piers  should  be  carried  out  to  the  12-feet  curve,  a  fiirther  extension 
of  390  feet,  and  the  channel  dredged  to  a  depth  of  14  feet,  which  would 
cost  $60,000. 

This  amount  can  be  profitably  spent  during  the  fiscal  year  ending 
June  30, 1871. 

Aux  Bees  Scies,  or  Frankfort,  is  in  the  collection  district  of  Michigan, 
and  the  nearest  point  of  entry  is  Grand  Haven. 

Its  nearest  light-house  is  on  Point  Aux  Bees  Scies,  or  Point  Betsie,  as 
it  is  generally  known. 

Number  of  arrivah  and  departures  of  veeseU  and  esUmatea  of  the  amo^mtf  kindf  and  value  of 
imports  and  exports  qf  Aux  Bees  Sdes  Harhorj  Michigan,  (Franltfortf)  from  June  1, 1868, 
until  June  30, 1869. 


ENTBR13D. 

CLBABKD. 

Articles. 

Qnantity. 

Articles. 

Quantity. 

ProTisions 

3,625  bbla. 185,500 

Fish 

1,000  half  bblB |6,000 

75 '.       675 

SO  tons 42,000 

Hides 

Oil 

98  cans  and  15  bbla. .        460 
146  bales  and  canes.  50, 000 
40  cases 1, 000 

Railroad  ties 

Cedar  iMMta 

1,400 350 

Drv  eoods 

3,000 300 

MiUiDery •- 

Wood 

300  cords 900 

Booto.shoea  Sl  leather . 

50  rolls  and  cases. . .    6, 000 
5200  c's.  and  100  cans .    5, 500 
45  tons  and  145  kegs.  18,000 

67  tons 5,360 

Bbls 1,250 

159,000  feet 7.000 

Bark 

39  cords 108 

Drugs 

Bbls.  and  axe-helves 
Furs 

100 

General  hardware. . . . 

ebalea 600 

Iron  and  steel 

Lime 

Liiimber 

Saab  and  blinds 

1,500 

Hay  and  feed 

150  tons 3,700 

Cattle 

100  head 5.300 

— A 

'• 

Number  of  vessels  entered,  300.    Number  of  vessels  cleared,  300. 
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B  2. 

MANISTEE  HARBOR  *MIOHiaAN. 

The  sonth  pier  wapS  extended  256  feet,  and  the  north  pier  96  feet  dar- 
ing the  last  fiscal  year.  It  is  proposed  to  extend  the  north  pier  160  feet, 
and  the  south  pier  96  fleet  during  the  present  season. 

The  contracts  for  this  season's  work  were  let  to  Granville  D.  Jennings 
for  framing  and  famishing  stone,  and  to  Hasbronck  and  Conro  for 
furnishing  timber  and  iron. 

Abstract  of  bids  reodved  and  opened  February  23, 1369,  for  furnishing  stone  for  improving 

harbor  at  Manistee. 


No. 


1 
8 
3 
4 

5 
6 

7 
8 


Names  of  bidden. 


Norton  Do  Clercq  &  Co 

Carkm&  Kimball 

Ha«broiick  &  Conro  . . . 

WlUiam  Callaway 

W.  B.  Champion 

Thomaa  T.  'Ceai^^Km . . . 
GranviUe  D.  Jennings . 
Lyman  Bridges 


Besldenoe. 


Chicago,  ni 

Milwaukee,  Wis 
Milwaukee,  Wis 
Milwaukee.  Wis 

Chicago,  111 

Lemont,  m 

Fulton,  N.Y.... 
Chicago,  ni 


stone. 


Per  cord 
•IS  97 

13  45 

14  50 
18  00 
14  00 
14  90 
18  90 
13  95 


Abstract  of  bids  received  ^foid  opened  January  10, 1869,  for  improving  the  harbor  at  Manistee, 


Ka 


1 
8 
3 
4 

5 
6 

7 
8 


Karnes  of  bidden. 


R.  A.  Conolly 

Granville  D.  J  ennings 
Mark  V.  Thompson.. 
Qiarles  J.  De  Qraw. . 
Hasbronck  &  Conro. . 
Larkin  &  Kimball  . . . 

WUliam  Nichols 

Henry  Starke 


Sesidenoe. 


I 


Chicago,  HI 

Pulton,  N.  T.... 
Syracuse,  N.  T- . 
lSilton,N.  Y.... 
Milwaukee,  Wis 
Milwaukee,  Wis 
Detroit,  Mich  . . . 
Milwaakee,  Wis 


'10  17 
'  0  21 


0 
0 
0 
0 
0 
0 


80.88 

30 

13 

15.9 

80 


n. 


PerW. 

$0  51 

0  6 


4i 

8 

4 

4f 

6 

5 


m.      IV. 


^ 


« 

I 


Pr.eord. 
$14  00 

13  90 
15  80 
10  00 
15  00 

14  60 
*3  30 
13  90 


Bemarks. 


76  cents  per  cord. 


|a  per  cord  for  putting 

stone  in  cribs. 
,  60  cts.  per  cob.  yard  for 
>  putting  stone  in  oribe. 


*Per  eabio  yard. 

Putting  stone  in  cribs  constituted  part  of  the  labor  of  framing,  and  the 
cost  thereof  is  to  be  included  in  the  total  cost  of  framing.  Charles  J. 
DeGraw  declined  to  enter  into  a  contract  to  furnish  stone,  and  therefore 
proposals  for  furnishing  the  stone  were  invited. 

Abstract  of  contracts  for  improving  harbor  at  Manistee. 


Contractors. 

Nature  of  oontmct. 

• 

Price. 

Hasbronck  St,  Conro 

18-inch  timber  ner  lineal  foot ................ 

to  13 

Do 

Iron  bolts,  nor  nound 

0  04 

GrnnvillA  Ti.  jAnnlngif     - .        .  , ,    .    . , 

Framinir  imt  lineal  foot  of  timber 

1  Hi 
12  90 

Do 7. 

Stone.  i>er sord. 
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To  complete  the  improvement  of  this  harbor  both  piers  should  be 
extended,  the  north  512  feet,  and  the  south  608  feet,  beyond  what  is 
proposed  for  this  season's  work,  which  would  cost  $70,000. 

The  sharp  angle  on  the  south  side  of  the  channel  should  be  cut  away 
as  indicated  in  the  accompanying  sketch,  and  the  channel  bank  should 
be  reveted ;  which  would  cost  $9,000. 

On  the  sketch  the  finished  work  is  shown  in  black,  the  proposed  work 
for  this  season  in  red,  and  the  work  for  which  a  new  appropriation  must 
be  made,  if  it  is  to  be  done,  in  blue. 

Manistee  is  in  the  collection  district  of  Michigan,  and  nearest  port  of 
entry  is  Grand  Haven.  The  nearest  light-house  in  operation  is  at  Grand 
Point  au  Sable,  twenty  miles  south  of  Manistee. 

Statement  of  veaseib  entered  and  cleared  Manistee  Harbor f  in  the  district  of  MUkigany^uring 

the  year  1868^  shomng  the  numbers,  tonnage,  crew,  and  cargoes. 


Articles. 

Entered. 

Artidea. 

Cleared. 

Number  of  vessGls 

1,203 

394,  694 

10,535 

2,710 

10.646 

6,785 

285 

630 

57, 176 

Number  of  vessels 

1,179 

Number  of  tons 

Number  of  tons 

235,095 

Number  of  crews 

Number  of  crews 

10,557 

Bushels  com 

Feet  lumber 

10,  557, 000 

liushels  oats 

Feet  shindes 

7, 357, 000 

Bam^ls  flour 

Railroad  ties 

1,700 

Barrels  Dork  and  beef 

Packages  merchandise 

318 

Bushels  potatoes 

Packages  merchandise 

B  3. 

TtKE  MASQUETTE  HARBOR. 

During  the  past  fiscal  year  the  north  pier  was  extended  128  feet,  and 
the  superstructure  of  the  south  pier  was  completed. 

During  the  present  season  it  is  proposed  to  carry  out  the  north  pier, 
which  work  will  exhaust  the  amount  on  hand  for  improving  this  harbor, 
$32,590  26. 


Abstract  of  contract  for  improving  harbor  at  Fere  Marquette — Patrick  M, 

Danaher. 

Timber, — ^Pine  12  inches  square,  per  lineal  foot $0  12J 

Piles, — Elm  or  Norway  pine,  per  lineal  foot 08 

For  plank  and  scantling,  per  1,000  feet,  (board  measure) 18  00 

For  ^Tought-iron  drift  bolts,  per  pound 04^ 

For  stone,  per  cord,  (128  cubic  feet) 13  98 

For  brush  and  slabs,  per  cord,  (128  cubic  feet) 1  49 

For  framing,  including  placing,  filling,  and  sinking  of  cribs,  and 

leveling  bottom,  per  lineal  foot  of  timber  used  in  construction  14 

For  driving  piles,  per  lineal  foot  of  pile  driven 12 

This  is  a  most  important  harbor,  and  when  the  improvements  pro- 
posed by  Colonel  Wheeler  shall  have  been  completed,  will  be  the  best 
harbor  of  refuge  on  east  shore  of  Lake  Michigan  between  Grand  Haven 
and  Traverse  Bay.  All  of  the  slab  pier  on  the  south  side  of  the  entrance 
to  the  harbor  should  be  removed  and  dredged  out  to  the  red  line  shown 
on  accompanying  sketch.    This  would  cost  $52,000. 

After  the  funds  for  this  season's  work  were  allotted  there  was  no  time 
for  advertising,  so  a  contract  was  made  with  Patrick  M.  Danaher,  who 
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lias  been  the  actual  contractor  for  all  the  previous  work  done  at  this 
harbor  at  the  above  prices. 

P^re  Marquette  is  in  the  collection  district  of  Michigan.  The  nearest 
port  of  entry  is  Grand  Haven,  and  the  nearest  light-house  is  at  Grand 
Point  au  Sable. 

Statement  of  veeede  entered  and  cleared  at  Phre  Marquette^  and  efumnng  the  number  and  kind 
of  import  and  export  from  June  1,  1868,  to  June  30, 1869.  The  number  of  arrivals  and 
departurea  ie  about  600,  including  sail  and  steam. 


Arttolee. 

Export 

Import. 

Hailroad  tie« 

12,000 

4,000 

2, 000 

60 

20.000,000 

3,000,000 

7,000,000 

5,  COO,  000 

1,000,000 

Provisions  and  other  mercantile  articles 

Cords  of  fthiDide  board 

for  consumption  amount   to  value  of 
1300,000. 

WOOCl 

bark 

Feet  of  Inmber 

square  timber. 

aningles 

lathes 

fence  pioketa 

B4. 

PENTWATEE  HABBOB,  MICHIGAN. 

The  work  done  during  the  past  fiscal  year  was  the  extending  of  the 
south  pier  256  feet,  and  dredging  22,632  cubic  yards  of  earth  from  be- 
tween the  piers.  In  consequence  of  there  being  no  north  pier  the  chan- 
nel filled  up  during  the  winter,  so  that  there  was  only  a  depth  of  water 
six  feet  last  spring  where  ten  was  reported  last  autumn. 

The  citizens  at  their  own  expense  dredged  out  a  channel  last  spring 
to  a  depth  of  ten  feet,  and  there  is  now  building  a  north  pier  600  feet  in 
length,  as  shown  in  blue  in  accompanying  sketch. 

To  complete  the  improvement  of  this  harbor  the  south  side  of  entrance, 
where  the  revetment  is  of  slabs,  should  be  dredged  away  as  far  as  shown 
by  red  line  in  the  accompanying  sketch.    This  would  cost  $40,000. 

Owing  to  want  of  time  for  advertising,  this  work,  except  the  furnish- 
ing of  stone,  was  let  at  an  open  letting.  Robert  Rogers  is  the  contractor 
for  the  season's  work  at  the  following  i)rices,  which  are  very  reasonable : 

Abstract  of  contract  for  improving  harbor  at  PentwateVj  Michigan — Robert 

Rogers^  contractor. 

For  furnishing  and  framing  timbers  and  bolting,  and  putting  in  place, 
I>er  thousand,  board  measure,  $17. 

For  furnishing  x>iles  and  capping  pieces,  driving  piles,  and  putting  on 
capping  pieces,  per  pile  used  in  construction,  $4. 

For  furnishing  piles  and  putting  them  in  pier,  per  cord,  $1  50. 

For  taking  stone  from  place  of  deposit  and  putting  them  in  pier,  per 
cord,  $2  50. 

Abetraet  qf  bids  received  and  opened  June  4, 1869,  for  furnishing  stone  at  Pentwater, 


UTamea  at  bidders. 

Residence. 

Price. 

Semarks. 

Lyman  Bridges 

Chicaso.  lU 

114  75 

C14  00 

{l2  00 

13  80 

Chicago  Lake 

At  |4  per  cord,  on  bridge  pier. 

C  Fit'M^mnPS ■, 

Chioasro.  Ul 

At  112  on  dock,  not  higher  tluu  vessel's  ralL 
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The  contract  for  fumiahing  the  stone  \ra8  awarded  to  G.  Fitzsimons, 
at  $12  89  per  cord. 

During  the  gales  of  last  fall  and  winter  the  south  pier  suffered  severely. 
The  superstructure  for  32  feet  from  outer  end  of  pier  was  carried  away, 
and  the  adjoining  sux>er8tructure  much  damaged.  The  whole  pier 
has  settled  very  badly,  and  will  require  considerable  work  and  expense 
to  repair  it.  These  necessary  repairs,  together  with  the  building  of  600 
feet  of  pier  on  north  side,  form  the  proposed  work  for  the  season,  and 
will  exhaust  the  balance  yet  unexpended  on  July  1, 1869,  ($25,297  55.) 

Pentwater  is  in  the  coUection  district  of  Michigan,  and  the  nearest 
port  of  entry  is  Grand  Haven,  sixty  miles  distant.  The  nearest  light- 
house is  at  Grand  Point  au  Sable. 


Statement  ofveeeeU  entered  and  cleared  Pentwater  Harbor,  in  the  ^^etriet  of  Michigan^  during 
the  year  IQGti,  ehowing  the  numbers,  crewe,  tonnage,  and  cargoes. 


ArticlM. 


Number  of  vMsels 

Komber  of  tons 

Number  of  crews 

Bushels  com 

Bushels  oats 

Tons  hay , 

Tods  feed 

Barrels  flour 

Barrels  salt 

Barrels  pork  and  beef 

Bushels  potatoes 

Cords  stone 

Tons  coal 

Packages  merchandise 


Entered. 


315 

25,783 

2,334 

1,962 

29,778 

788 

2,430 

1,634 

282 

4t)2 

106 

449 

18 

11,098 


Artiolea. 


Number  of  vessels 

Number  of  tons 

Number  of  crews 

M  lumber 

Mlaths 

M  sfalnKles 

M  pickets 

M  staves 

Railroad  ties 

Cords  wood 

Cords  slabs 

Cords  bark 

Packages  merchandise 


Cleared. 


313 

24,476 

1,459 

11,830 

470 

26,130 

33 

130 

6,050 

548 

196 

16 

1,490 


B5. 


MOUTH  OF  WHITE  BIVEE,  MICHIGAN. 

No  work  except  the  driving  of  a  few  piles  was  done  during  the  past 

fiscal  year. 

•  •••••••• 

This  harbor  is  in  the  worst  condition  of  any  under  my  charge.  During 
the  winter  much  of  the  new  channel  has  been  filled  up.  Until  the  chan- 
nel through  the  new  cut  is  dredged  out  and  the  pier  to  protect  it  is  built, 
commerce  is  greatly  impeded.  None  but  vessels  drawing  less  than  six 
feet  can  enter  White  Lake. 

It  is  proposed  for  this  season's  work  to  dredge  out  the  channel  to  a 
depth  often  feet,  and  protect  it  by  pier  carried  out  to  the  six-feet  curve, 
and  early  next  spring  to  complete  the  pier  extension  to  the  twelve-feet 
curve.  Should  the  weather  be  good,  the  north  jner  may  be  carried  out 
to  the  twelve-feet  curve  during  the  coming  autumn. 

A  pile  driver  is  now  being  built  for  this  harbor,  and  will  be  completed 
early  in  August.  It  is  believed  that  this  work  can  be  done  more  eco- 
nomically by  hired  labor,  worked  under  the  immediate  supervision  of  the 
officer  in  charge  of  the  work,  than  by  the  contract  system,  the  materials 
being  purchased  in  open  market.  So  far  the  prices  paid  for  material 
have  been  more  than  ten  per  cent,  less  than  any  prices  obtained  by  ad- 
vertising for  proposals,  besides  securing  a  much  better  class  of  materials. 

The  amount  on  hand  and  in  the  United  States  treasui^  available  for 
this  work  will  be  entirely  exhausted  during  the  present  fiscal  year,  and 
to  fully  complete  this  harbor,  giving  a  channel  at  least  twelve  feet  deep, 
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and  extending  the  piers  to  the  fifteen-feet  curve,  will  require  an  addi- 
tional fium  of  $50,000,  which  amount  can  be  profitably  expended  during 
the  fiscal  year  ending  June  30,  1871.  White  Eiver  is  in  the  district  of 
Michigan,  and  the  nearest  port  of  entry  is  Grand  Haven.  The  nearest 
light-house  is  at  Muskegon,  twelve  miles  distant. 

* 

Statement  of  veaaela  entered  and  cleared  White  Biver  Harbcr^  in  the  district  ofAHehigan,  dur- 
ing the  year  1868,  showing  the  numbers,  tonnage,  crews,  and  cargoes. 


Articles. 


Knmber  of  veaaels  — 

If  amber  of  tons 

Number  of  orews 

Bushels  oorn 

Bushels  oats 

Bushels  wheat 

Tods  hay 

Tons  feed 

Barrels  flour 

Barrels  salt 

Barrels  pork  and  hsef 

Hides 

Cords  stone 

Packages  merohandise 


Entered. 


666 

106,869 

6,913 

13,399 

25,718 

150 

374 

in,500 

1,808 

335 

•      156 

335 

71 

48,612 


Articles. 


Number  of  yessels — 

Number  of  tons 

Number  of  crews 

M  lumber 

Mlaths 

M  pickets 

M  staves 

Baalroad  ties 

Cords  wood 

Cords  bark 

Boxes  fish 

Packages  merchandise 


Cleared. 


666 

58,770 

3,843 

42,944 

4,130 

162 

245 

21,700 

776 

17 

2,789 

106 


B6. 

MUSKEGON  HABBOB,  MICHiaAN. 

Two  cribs  (32  feet  by  20  feet)  were  placed  on  the  north  pier  extension, 
and  one  (32  feet  by  32  feet)  on  the  end  of  south  pier,  and  the  super- 
structure on  both  piers  completed. 

The  contracts  for  this  season's  work  were  let  to  Hasbrouck  &  Conrofor 
timber  and  iron  bolts,  and  to  Granville  D.  Jennings  for  framing  and 
stone. 


Abstraet  of  bids  received  and  opened  January  10, 1809,  for  improving  harbor  at  Muskegon, 

Michigan,  % 


Ko. 


1 

2 

3 
4 

5 


6 

7 
8 

9 
10 


Names  of  bidders. 


B.  A.  Conolly 
Wm.NiooIl8.. 


Galen  Bastman . 
Ch.  J.BeGraw.. 
Squire  B.  White 


Denis  Dowllnff 

Carkin  &  EimbaU  . . 
Hasbrouck  Sc  Conxo. 


Mark  Y.  Thompson  . . . 
Gianyllle  H.  Jennings. 


Besidence. 


Chicago,  ni... 

Detroit,  Mich. 

Grand  Haven . 
Fnlton,N.  Y  . 
Grand  Haven . 


Mnskegon . 
Milwaakee 
....do 


Svracnse,  N.  Y 
I*ulton,  N.  Y  .. 


ii 

•I 


$0  17 

90 

14.9 

30 

15^ 


17 

16^ 

13 

19.2 
81.6 


! 

i 

5 


90  051 
6 

5 

8 
5, 


41 
4 

6 


I 


fel 

MS 
^15 


Pereord 
•14  00  10  12} 


t3  30 

tl3  70 

9  50 

13  70 


t3  50 

14  75 

15  00 

14  88 
12  00 


10 

19} 

12 

14 


14} 
16i 


11 


Bemarks. 


*76  cents  per  cord  for 
putting  stone  in  crib. 

00  cents  per  yard  for 
putting  stone  in  crib. 


|50  per  crib  for  level- 
ing bottom;  12  50  per 
cord  for  patting  stone 
in  crib. 


IS  x>er  cord  for  potting 
stone  in  cribs. 


-^ 


*  "  l^ntting  stono  in  cribs ''  constitutes  a  part  of  the  labor  of  "  framing/'  and 
inolnded  in  the  t^ital  cost  of  framing. 
tPer  cubic  yard. 


the  cost  thereof  is  to  be 
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Ahetrtiel  of  Hds  received  and  opened  February  33, 1869,  for  improving  harbor  at  Muskegon, 


Name  of  bidders. 


Norton  de  Clercq  &  Co. 

Carkiu  &  Kimball 

Hafibronck  &  Conro 

"W.  B.  Champion 

George  Janasen 

Thomas  F.  Langdon 

Sqniro  &  White 

Granville  D.  Jennings. . 
Lyman  Bridges 


Besidence. 


Chicago,  HI . . 
Milwaukee... 

...do 

Chicago,  HI . . 
Milwaukee — 
Lemonte,  HI.. 
Grand  Haven 
Fulton,  N.  T . 
Chicago 


Stone, 
per  cord. 


Ill  98 

13  45 

14  50 
14  00 
18  00 
14  49 
13  76 

12  90 

13  95 


Abstract  of  contracts  for  improving  harbor  at  Muskegon,  Michigan, 


Contrtbctors. 

Xatoie  of  contract. 

Price. 

Hasbrouok  &  C<mro 

13-lnch  timber,  ner  lineal  fbot - 

10  13 

4 

Do 

Iron  bolts,  per  nound 

GranviUe  D.  Jennines 

Framing,  nor  lineal  foot  of  timber ■- 

11 

Do 7. 

Stone,  per  cord 

18  90 

During  the  present  working  season  the  north  pier  will  be  extended 
320  feet,  and  the  south  pier  will  be  filled  with  stone  ballast. 

A  break  where  the  south  crib  pier  joins  the  slab  pier  will  be  repaired. 

It  will  be  necessary  to  repair  tiie  slab  piering  interior  of  the  crib  pier, 
to  do  which  the  slabs  shoidd  be  removed  to  one  foot  below  the  water 
suriace,  and  a  crib  superstructure  should  be  built,  which  will  cost 
$28,000. 

Unless  this  work  is  done  there  will  be  continual  trouble  arising  from 
breaches,  and  consequently  filling  up  of  the  channel  between  the  piers. 
The  slab  pier  burnt  down  to  the  water's  edge  in  some  places,  which  ren- 
ders a  breach  all  the  more  likely. 

As  to  the  further  extension  of  the  piers  into  the  lake,  I  would  respect- 
fiilly  suggest  that  before  making  any  extension  the  effect  of  the  present 
season's  work  be  observed. 

The  bars  move  out  as  fast  as  the  piers  are  extended. 

Muskegon  is  in  the  collection  district  of  Michigan,  and  the  nearest 
port  of  entry  is  Grand  Haven,  twelve  miles  south. 

It  has  a  small  light-house,  with  lights  of  sixth  order. 

Statement  of  vessels  entered  and  cleared  Muskegon  Harbor,  in  the  district  of  Michigan,  during 
the  year  1868,  showing  the  numbeTf  tonnage,  crews,  and  cargoes. 


Articles. 


Number  of  vcsaels 

If  urabt^r  of  tons 

Number  of  crews 

Bui»hel8com 

Bushels  oats 

Tons  hay ,>. . 

Tons  feed 

Barrels  flour 

Fackafi^  merchandise 


Entered. 


2,035 

396,  498 

35,390 

8,383 

59,499 

903 

14,070 

133 

44«971 


Articles. 


Number  of  vessels 

Number  of  tons 

Number  of  crews 

M  lumber 

Mlaths 

M  shingles 

M  pickets 

Railroad  ties 

Cords  slabs 

Cords  bark 

Packages  merchandise 


Cleared. 


2,441 

388,851 

18,4T7 

253,213 

9,503 

7,740 

2.226 

18,505 

3,778 

129 

3,993 
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B7. 
aBAJO)  HAYEN  HABBOB,  MIOHiaAK. 

The  pier  on  south  side  of  channel  was  extended  100  feet,  and  the  oM 
pile-work  built  by  the  Detroit  and  Milwaukee  Eailroad  Company,  form- 
ing a  part  of  the  same  pier  interior  to  portion  repaired,  for  a  distance  of 
465  feet,  as  shown  in  blue  on  accompanying  sketch. 

The  work  during  the  present  season  is  being  done  by  Messrs.  Squire 
&  White,  they  being  the  only  bidders,  at  the  following  prices: 

Abstract  of  contract  far  improving  harbor  of  Orand  HaveUj  Michigan — 

Messrs.  Squire  &  White. 

Timber. — ^Pine,  per  cubic  foot $0  16 

Piles. — Pine,  per  lineal  foot* 07 

Oak,  per  lineal  foot 15 

Slab  filling,  per  cord , 2  25 

Stone,  per  cord,  128  cubic  feet 15  00 

Iron. — Screw  bolts,  per  pound 12 

Drift  bolts,  per  pound 06 

Spikes,  per  pound 10 

Putting  in  stone  from  pier,  per  cord 3  00 

Driving  and  redriving  piles,  per  lineal  foot 07 

Framing,  per  lineal  foot 15 

Tearing  away  old  work  pier,  per  running  foot 1  75 

To  complete  the  improvement  of  this  harbor  there  is  necessary — 
Ist.  A  pier  on  the  north  side  of  the  entrance  to  the  river ;  and, 
2d.  A  further  repairing  of  old  pile  pier,  built  by  the  railroad  com- 
pany on  south  side  of  channel,  for  a  distance  of  600  feet,  from  repairs 
made  this  season  inward. 

The  necessity  for  a  north  pier  has  been  fully  set  forth  in  previous 
reports  of  Brevet  Colonel  J.  B.  Wheeler,  and  the  same  necessity  still  • 
exists.    This  pier  will  be  1,700  feet  long,  and  will  cost  $200,000. 
'    The  repairing  of  the  old  south  pier  will  cost  $14,000. 

This  harbor  is  the  most  important  of  all  those  on  the  east  shore  of 
Lake  Michigan,  and  is  by  far  the  best;  and  when  once  the  proposed 
improvements  are  completed,  it  wiQ  be  a  long  time  before  any  money 
need  be  spent  on  it. 

.  Grand  Haven  is  the  port  of  entry  for  the  district  of  Michigan,  which 
includes  all  harbors  from  Aux  Bees  Scies  south  to  St.  Joseph.  It  is  an 
important  point,  being  one  terminus  of  the  Detroit  and  Milwaukee  rail- 
road, and  on  an  extensive  line  of  communication  between  the  East  and 
West.  It  is  also  a  lumber  market  of  some  importance.  It  has  a  light- 
house. 
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Statement  of  vessels  entered  and  cleared  Grand  Haven  Harhor,  in  the  district  of  Michigan, 
during  the  year  1868,  showing  the  number,  tonruigey  crews,  and  cargoes. 


Artioles. 


Number  of  vcflsela — 

Number  of  tona 

Number  of  crews 

Bushels  com 

BusheJa  oats 

Bushels  wheat 

Tons  hay 

Tons  feed 

parrels  flour 

Barrehi  salt 

Barrels  pork  and  beef 

Bushels  potatoes 

Sacks  wool 

Cords  stone 

Mbrick 

Tons  coal; 

Packages  merchandise 


Entered. 


8,714 

538,278 

23,054 

73,037 

76,930 

7,240 

9,203 

11,562 

105,848 

6,030 

5.123 

4,916 

2,356 

852 

17 

860 

104,180 


Articles. 


Number  of  Teflsels  . . . . 

Number  of  tons 

Number  of  crews 

M  lumber 

Mlaths 

M  shingles 

M  pickets 

M  staves  

Bailroad  ties 

Cords  wood 

Cords  bark 

Cords  slabs 

Bushels  fruit 

Barrels  flour 

Pounds  leather 

Barrels  plaster 

Tons  charter  rock 

Packages  merchandiae 


Cleared. 


2,591 

511, 310 

90,904 

186.394 

9,503 

7,704 

559 

9,960 

55,970 

9,546 

1,488 

583 

1,881 

3,500 

116.630 

116^630 

41,790 

145^899 


B  8. 


BLACK  LAKE  HABBOB. 

During  the  past  fiscal  year  five  cribs  (32  feet  by  20  feet)  have  been 
placed  on  line  of  south  pier,  extending  it  160  feet,  and  one  crib  (32  feet 
by  20  feet)  on  nori;h  pier,  and  the  superstructure  finished. 

During  the  winter  the  south  pier  settled  very  irregularly,  and  the 
outer  crib  was  moved  from  its  place. 

By  virtue  of  paragraph  2,  Special  Orders  "No.  38,  dated  H'eadquarters 
Corps  of  Engineers,  Washington,  D.  C,  May  7, 1869,  a  board  of  engi- 
neers assembled  May  13,  1869,  for  consideration  of  certain  structures 
for  harbor  improvements  on  Lake  Michigan. 

In  accordance  with  the  opinion  of  the  board,  which  was  approved  by 
the  Chief  of  Engineers  United  States  Army,  the  following  work  to  im- 
prove this  hjlrbor  will  be  done  the  present  year : 

An  eurockment  will  be  placed  along  the  side  of  the  south  pier  to  pro- 
vent  a  further  scouring  out  of  the  sand ;  the  south  pier  will  be  repaired  j 
a  crib  superstructure  will  be  built  to  prevent  a  breach  between  the  crib- 
work  and  the  shore,  where  the  channel  on  both  sides  is  now  protected 
by  a  brush  pier ; 

And  a  pile  revetment  will  be  built  at  the  head  of  the  cut,  to  prevent 
the  stream  washing  out  the  sand  and  depositing  it  on  the  outer  bar. 

In  addition,  the  point  at  the  head  of  tlie  cut  should  be  dredged  away 
in  order  to  straighten  the  channel,  which,  together  with  the  necessary 
revetment,  will  require  an  additional  appropriation  of  $10,000. 

Black  Lake  is  in  the  district  of  Michigan,  twenty-two  miles  south  of 
Grand  Haven,  the  nearest  port  of  entry. 

The  nearest  light-house  is  at  the  mouth  of  the  Kalamazoo  Biver,  eight 
miles  distant  It  is  a  fixed  light  of  the  sixth  order.  Holland  is  at  the 
head  of  the  lake,  six  miles  from  the  mouth,  and  is  the  nearest  settle- 
ments 
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Statement  of  vessels  entered  and  cleared  Black  Lake  Harbor ^  in  the  district  oflUchigany  dtaring 
the  year  1863,  showing  the  number^  tonnage,  crews,  and  cargoes. 


Axticlea. 


ITumber  of  veasels 

Number  of  tons 

Kumber  of  crewi 

Basbels  com 

BoBbols  oats 

Bushels  wheat 

Tons  hay 

Tons  feed 

Barrels  floor 

Barrels  salt 

Bnshels  potatoes 

Hides 

Tons  coal 

Packages  merchandise 


Entered. 


441 

19,971 

1,785 

2,710 

4,487 

8,741 

833 

519 

64 

1,710 

410 

550 

31 

10,714 


Articles. 


Number  of  vessels  . . . . 

Number  of  tons 

Number  of  crews 

M  lumber  

M  shingles 

H  staves 

Railroad  ties 

Cords  wood 

Cords  bark 

Boxes  flsh 

Packages  merchandise 


Cleared. 


424 

15,433 
1,725 
3,647 

31,392 
2,793 

42,378 

9,409 

4,625 

169 

629 


B  9. 

MOUTH  OF  KALAMAZOO  RIVER,  (SAUGATUCB:.) 

Ko  work  was  done  at  this  harbor,  as  it  was  not  until  an  accurate  sur- 
vey could  be  made  that  proper  plans  and  estimates  could  be  made. 
They  were  laid  before  a  board  of  engineers,  convened  by  virtue  of  para- 
graph 2,  Special  Orders  Ko.  70,  dated  Headquarters  Corps  of  Engineers, 
Washington,  D.  C,  July  16,  1869. 

The  board  of  engineers  approved  the  plans  and  estimates,  and,  under 
the  further  approval  of  the  Chief  of  Engineers,  steps  were  t£lken  at  once 
to  commence  the  work. 

T[?he  work  proposed  for  the  present  season's  work  is  to  revet  the  left 
bank  of  the  river,  as  shown  on  the  accompanying  sketch,  from  A  to  B. 
It  is  hoped  that  this  will  be  completed  by  the  1st  of  November. 

The  improvements,  shown  in  red,  on  the  north  side  of  the  entrance  to 
the  river,  should  be  made  to  complete  the  improvement  of  the  mouth  of 
the  river. 

The  present  piers  at  the  mouth  of  the  river  were  built  by  the  local 
authorities,  and  in  building  them  they  contracted  the  stream  so  much 
that  at  high  water  in  the  river  the  piers  are  much  endangered. 

To  obviate  the  danger  it  is  proposed  to  build  a  north  pier  and  interior 
revetment,  as  shown  on  the  accompanying  sketch,  and  remove  the  pres- 
ent slab  revetment. 

These  improvements  will  cost  $75,000,  which  amount  can  be  profitably 
spent  during  the  fiscal  year  ending  June  30,  1871. 

Saugatuck  is  in  the  collection  ^strict  of  Grand  Haven.  It  is  not  a 
port  of  entry.  There  is  a  light-house  of  the  sixth  order  on  the  north 
bank  of  the  river,  situated  on  a  rise  of  18  feet. 

Statement  of  vessels  entered  and  cleared  Saugatuck  Harbor,  in  the  district  of  Michigan,  during 
the  year  1868,  showing  the  number,  tonnage,  crews,  and  cargoes. 


Articles. 


H'uTnber  of  vessels 

If  umber  of  tons 

Kumber  of  crews 

Tons  of  hay 

Tons  of  feed 

Barrels  flour 

Barrels  pork  and  beef. 

Hides 

Packages  merchandise 


Entered. 

131 

37,545 

2,161 

70 

3,310 

2S0 

700 

1,350 

8,068 

Articles. 


Clearede. 


Number  of  vessels 

Number  of  tons 

Number  of  crews 

M  lumber 

Mlaths 

M  shingles 

M  pickets 

llailroad  ties 

Cords  wood 

Pounds  leather 

Packages  merchandise 


315 

19,726 

2,287 

18,  911 

933 

14,395 

110 

S.000 

9,684 

83,100 

811 
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BIO. 


SOUTH  HAYBN  HABBOE. 

DuriDg  the  fiscal  year  eight  cribs  (32  feet  by  20  feet)  were  placed  on 
the  prolongation  of  the  north  pier,  and  the  superstructure  built  thereon* 

During  a  heavy  northwest  blow  last  spring  the  outer  crib  of  the 
north  pier  was  carried  away,  and  this  was  replaced  and  ballasted  with 
stone. 

Amount  on  hand  July  1, 1868 $13,316  11 

Amount  expended  during  fiscal  year  ending  June  30, 1869 . .      11, 147  55 

The  balance  on  hand  and  in  the  United  States  treasury, 
subject  to  expenditure  for  the  improvement  of  this  harbor, 
was,  July  1, 1869 2, 167  56 

« 

Which  amount  will  be  entirely  exhausted  in  payment  of  work  in  re- 
placing the  displaced  crib. 

Amount  required  for  fiscal  year  ending  June  30, 1871,  $72,000. 

To  complete  the  proposed  improvement  at  this  harbor  the  piers 
should  be  extended  each  400  feet,  which  would  cost  $52,000.  The  old 
(dab  pier  should  be  removed,  as  shown  on  the  accompanying  sketch,  in 
order  to  widen  the  entrance  to  the  river,  and  the  channel  should  be 
dredged  to  a  depth  of  12  feet.   The  latter  two  items  would  cost  $30,000* 

The  bottom  of  the  channel  is  of  blue  clay,  and  will  require  but  little 
dredging  after  a  good  channel  shall  have  once  been  made.  A  railroad 
Is  now  being  constructed  between  this  place  and  Kalamazoo,  Michigan, 
which  will  bring  considerable  shipping  to  this  point. 

South  Haven  is  situated  about  sixty  miles  south  of  Grand  Haven.  It 
is  important  as  a  harbor  of  refuge,  and  as  an  outlet  to  the  lumber  dis- 
trict of  the  counties  of  Allegan  ana  Van  Buren. 

Statement  of  veseels  entered  and  cleared  tU  Sauik  Haven,  in  the  diekM  of  MtcMgany  during 
the  year  1868,  shomng  the  number,  tonnage,  crews,  and  cargoee. 


Articles. 


Number  of  reaaelB — 

Number  of  tons 

Number  of  crews 

Bushels  oats 

Tons  hay 

Tons  feed 

Barrels  floor 

Barrels  salt 

Cords  of  stone 

Mbrick 

BaETelsUme 

Packages  merchandise 


Entered. 


490 

SS,88S 

1,950 

90 

400 
1,379 
1,057 

290 

556 
1,000 

486 
7,048 


Articles. 


Namberof  Tessels  .... 

Number  of  tons 

Number  of  crews 

li  lumber 

Mlaths 

M  shingles 

Bailroadties 

Cords  wood 

Cords  bark 

Bushels  finiit 

Packages  merchandise 


Cleared. 


4Vl 

89,158 

1,93» 

11,931 

130 

161 

13,904 

9,556 

3,98a 

4,67ft 

44 

Bll. 


ST.  JOSEPH  HASBOB. 

No  work  has  been  done  during  the  past  fiscal  year.  The  money  ex- 
pended was  for  work  already  done. 

To  permanently  improve  this  harbor  the  south  pier  should  be  ex- 
tended in  a  direction  north  78°  west  from  the  present  west  end  for  a 
distance  of  928  feet,  at  a  cost  of  $58,000.    And  a  north  pier  should  be 
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built  parallel  to  it  for  a  length  of  940  feet,  at  a  cost  of  $58,666,  The 
present  direction  of  the  piers  is  wrong,  as  is  folly  shown  by  experience. 
The  natural  direction  of  the  current  of  the  river,  after  leaving  the  end 
of  the  present  south  pier,  under  the  various  forces  acting  on  it,  is  in  the 
direction  I  would  propose  for  any  new  improvements  of  this  harbor.  I 
am  fully  sustained  in  my  views  by  Colonel  Wheeler,  my  predecessor,  in 
charge  of  the  improvement  of  this  harbor. 
The  light-house  is  on  the  keeper's  wooden  dwelling. 

SUUemmt  of  vesseU  entered  and  cleared  St  Joseph  Harbor,  in  ^  diatirkt  of  Middgamf  during 
the  year  1866,  showing  the  number,  tonnage,  crews,  and  cargoes. 


Artioles. 


Entered. 


ArticleB. 


Cleared. 


Number  of  resselfl.'. . . 

Number  of  tons 

Knmber  of  crews 

Bushels  oats..'. 

Bushels  wheat 

Barrels  flour 

Barrels  salt 

Barrels  pork  and  beef. 

mdes 

Oords  of  stone 

Tons  coal 

Packages  merchandise 


064 

53,131 

3,939 

397 

120 

1,069 

1,589 

733 

13,555 

303 

24 

S»304 


Number  of  vessels ... . 

Number  of  tons 

Number  of  crews'. 

M  lumber  

M  shingles 

Bailroad  ties 

Cords  wood 

Bushels  tmii 

Busliels  potatoes 

Barrels  flour 

Packages  merchandise 

t 


671 

105,039 

6,857 

9,300 

15 

119,826 

3,716 

498,011 

12,450 

6,581 

32,072 


B12. 

United  States  Engineer  Office, 

Milu^aukeej  Wisconsin,  May  1, 1869. 

Genebai^  :  I  have  the  honor  to  inclose  herewith  a  sketch  of  Black 
Lake  Harbor  improvements,  showing  work  already  done  and  proposed 
repaii*s. 

I  would  respectfully  request  authority  to  advertise  and  contract  for 
and  make  the  following  repairs : 

1.  Eepairing  portion  of  old  north  brush  pier  (marked  A  on  sketch)  for 
a  distance  of  150  feet,  from  repairs  made  last  year,  inward.  This  is 
rendered  necessary  to  prevent  a  breach  between  the  repaired  pier  and 
shore  line.    This  can  be  done  at  a  cost  of  about  $1,000. 

2.  Eepairing  similar  portion  of  old  south  brush  pier  (marked  B)  for  the 
fiame  reason,  at  a  cost  of  about  $1,000. 

In  making  these  repairs  I  propose  to  drive  two  rows  of  close  piling, 
put  on  capping  pieces,  and  build  three  feet  of  superstructure  of  ordinary 
timber  work,  and  balla'St  with  sand. 

3.  Building  600  feet  of  pier,  (marked  C,)  to  prevent  the  current  from 
eating  into  the  sand  hill  and  carrying  out  the  sand  to  form  a  sand  bar 
between  the  piers,  and  also  from  getting  behind  and  destroying  the  old 
north  brush  pier.  I  would  propose  to  construct  this  by  driving  a  row  of 
close  piles  on  channel  side  of  pier,  and  on  the  shore  side  a  row  of  piles 
eight  feet  apart,  capping  these  rows  and  tying  them  together  by  timber 
ties  every  eight  feet  in  length  of  pier.    This  would  cost  about  $3,600. 

4.  That  part  of  the  south  pier  built  last  year  is  in  a  very  bad  condition 
owing  to  the  very  irregular  settling  of  the  cribs  that  form  its  foundation. 
Besides  a  very  great  irregularity  along  the  axis  of  the  pier,  the  whole 
pier  inclines  to  the  southward,  in  some  places  so  badly  that  the  top  sur- 
face, formerly  level,  now  dips  to  the  south  at  an  angle  of  25^.  The  outer 
crib  has  moved  from  its  place,  and  the  ice  and  force  of  storms  have 
destroyed  it  for  three  courses  below  the  water  surface. 
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• 

The  cribs  of  thi»  pier  are  founded  on  bmsh  sink  pieces  similar  to  those 
Qsed  in  building  the  dykes  of  HoUand.  However  useful  they  may  have 
been  found  there,  they  have  been  entirely  useless  in  this  case. 

To  repair  this  and  prevent  any  washing  out  from  under  the  south  edge 
of  this  pier,  I  would  propose  an  enrockoient,  and  to  preserve  this  en- 
rockment  I  would  drive  a  close  row  of  piles  alqng  the  entire  length  of 
the  pier  and  tie  it  to  the  crib  work.   The  cost  of  tMs  would  be  $5,000. 

If  the  work  proposed  meets  your  approval,  I  would  respectfnUy  request 
that  the  authority  asked  boisent  me  at  once,  so  that  the  work  may  be 
commenced  by  the  1st  of  June. 

The  amount  of  the  appropriation  for  improving  this  harbor  remaining 
unexpended  is  $24,488  59.  The  amount  required  for  the  proposed  repairs 
is  $10,600. 

Very  respectftilly,  your  obedient  servant, 

F.  U.  FAEQUHAE. 
Captaift  TJ,  8.  Engineers  and  Brevet  Lieut.  Col.  U.  8.  Army. 

Brevet  Mi^.  Gen.  A.  A.  Htdcphbeys, 

Chief  of  Engineers  U.  8.  Army,  Waskingtany  D.  C 


B  13. 

Proceedings  of  a  hoard  of  engii%eers  convened  at  Mihoaukee^  Wiseonsin^ 

in  obedience  to  ike  foUowing  order : 

[Special  Orders  No.  70. — ^Extract.] 

HbAI>QUABTER8  CoBPS  of  ENOmKKRS, 

WasMngUm,  D.  C,  July  16, 1869. 

•  •••••••• 

2.  A  board  of  engineers,  to  consist  of  Lieatenant  Colonel  I.  C.  VToodmff,  brevet 
brigadier  general  United  States  Army;  Msgor.J.  B.  Wheeler,  brevet  colonel  United 
States  Army;  Captain  F.  U.  Farqnbar^  brevet  lieutenant  colonel  United  States  Army, 
wiU  convene  at  Milwaakee,  Wisconsin,  on  the  23d  instant,  or  as  soon  thereafter  as 
practicable,  for  the  consideration  of  the  project  for  the  improvement  of  Sangatnck 

Harbor,  Michigan. 

•  %  •  •  •  •  •  •  • 

By  command  of  Brigadier  Qeneral  Humphreys. 

THOMAS  LINCOLN  CASEY, 
Mqfor  of  Engineers  and  Brevet  CoUmeL  United  States  Army. 

,  Milwaukee,  Wisconsin,  July  23, 1869. 

The  board  met  in  pursuance  of  the  above  order. 

Present:  Lieutenant  Colonel  I.  C.  Woodruff,  brevet  brigadier  general 
United  States  Army  5  Major  J.  B.  Wheeler,  brevet  colonel  United  States 
Army  ^  Captain  F.  U.  Farquhar,  brevet  lieutenant  colonel  United  States 
Army. 

The  board  then  proceeded  to  the  consideration  of  the  project  for  the 
improvement  of  Saugatuck  Harbor,  as  given  to  the  Chief  of  Engineers 
by  Brevet  Lieutenant  Colonel  F.  U.  Farquhar,  captain  United  States 
engineers,  in  his  letter  dated  ^^  Milwaukee,  Wisconsin,  July  5, 1869,"  as 
follows: 

United  States  Engineeb  Office, 

Milwaukee^  WisoonMn^  July  5, 1869. 

General:  I  have  the  honor  to  inclose  a  tracing  showing  the  mouth 
of  Kalamazoo  Biver  and  the  proposed  improvements. 
*   Li  the  spring  of  1868  occurred  a  freshet  which  carried  away  a  large 
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portion  of  the  east  end  of  the  south  pier.  Since  then  those  interested 
haye  lengthened  the  north  pier  to  the  westward,  and  bnilt  a  wing  to 
protect  the  present  east  end  of  the  south  pier. 

The  width  between  the  piers  is  only  200  feet.  This  width  is  too  small 
by  at  least  100  feet.  This  becomes  manifest  by  referring  to  the  width 
of  the  river  at  the  farthest  point  inland,  shown  on  the  inclosed  tracing. 

The  Kalamazoo  Biver  is  navigable  for  small  steamers  for  nearly  six^ 
miles  from  its  month,  and  at  all  times  discharges  a  considerable  amount 
of  water. 

The  point,  however,  that  requires  immediate  work  is  the  left  bank  ot 
the  river,  at  the  bend  above  the  mouth.  A  laree  shifting  bank  of  sand 
on  the  right  bank  of  the  river  just  above  this  bend  has  been  for  years 
steadily  moving  southward,  forcing  the  mouth  of  the  stream  in  the 
same  direction.  By  revetting  the  left  bank  at  the  bend,  as  shown  in 
red  from  A  to  B  on  the  tracing,  this  southerly  progress  of  the  river-bed 
can  be  arrested.    This  will  require  about  975  feet  of  revetting. 

The  river,  after  leaving  the  point  B,  widens  out,  and  in  consequence 
is  much  shallower.  By  continuing  the  pile  revetment  from  B  to  the 
east  end  of  the  south  pier  the  stream  will  be  confined,  and  very  soon  a 
good  deep  channel  will  result.  This  will  require  1^725  feet  of  pier.  TMs 
pile  revetting  is  btfilt  on  the  plan  approved  by  tne  board  of  engineers 
for  revetting  inside  work  at  Black  Lake  Harbor.  I  inclose  a  tracing 
showing  the  work. 

The  following  is  the  estimate  for  the  above  2,700  feet  of  work: 

214,800  feet  board  measure,  pine  timber,  at  $10  per  M $2,148  00 

7,200  feet  board  measure,  oak  timber,  at  $30  per  M 216  00 

2,498  piles,  at  $3 7,494  00 

2,538  cords  of  brush,  at  $1  50 3,807  00 

378  cords  of  stone,  at  $11 4,158  00 

26,174  pounds  of  drift  bolts,  at  4  cents 1,046  96 

9,281  pounds  of  screw  bolts  and  washers,  at  5^  cents 510  46 

Driving  2.498  piles,  at  $2 i 4,996  00 

Framing  20,932  lineal  feet  of  timber,  at  13  cents 2,721  16 

2L097  68 
Amount  of  allotment 30,000  00 

2,902  42 
Deduct  amount  authorized  for  price  of  dredge 2,000  00 

902  42 


The  improvements  on  the  north  side  of  the  mouth  of  the  river  will  be 
much  more  expensive,  and  if  done  will  have  to  be  paid  for  from  some 
ftiture  appropriations.  The  following  is  an  estimate  of  the  cost  of  con- 
structing this  work : 

1,660  feet  of  revetment  on  north  side  of  river  to  lake-shore 

line $16,045  18 

770  feet  of  close  piling,  from  shore  line  to  inner  end  of 

proposed  crib- work 20,032  44 

6  cribs,  32  by  20  by  17  feet  on  outer  end  of  pier 8,038  36 

60,740  cubic  yards  of  dredging,  at  25  cents 15,185  00 

Total 59,300  98 
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AU  I  propose  to  do  this  season  is  to  improve  by  revetting  the  left 
banky  as  before  described,  leaving  the  north  side  improvements  for  some 
fixture  period. 

Hoping  this  may  meet  with  your  approval,  I  have  the  honor  to  be, 
very  respectfully,  your  obedient  servant, 

¥.  TJ.  FAEQUHAE, 
Captain  27.  8.  Engineers  and  Brevet  Lieut  Col,  JJ.  8,  Army. 

Brevet  Msg,  Gen.  *A.  A.  Humphbeys, 

Chi^  of  Engineers  U.  8.  Army,  Washington^  D.  C. 

The  board  having  carefiiliy  examined  the  maps  of  surveys  ^f  this 
harbor  made  during  the  years  of  1867,  1868,  and  1869,  find  that  the 
right  bank  of  the  river,  at  tixe  bend  near  the  entrance,  has  encroached 
upon  the  channel,  and  tiiat  the  left  bank  has  been  worn  away.  This 
action  is  still  going  on,  and  threatens  to  entirely  change  the  entrance 
to  the  harbor  and  materially  affect  the  present  improvements,  unless 
stopped.  They  also  find  that  the  system  of  improvement  devised  and 
buUt  by  the  local  authorities  of  Saugatuck  contracts  too  much  the  width 
of  the  water-way,  and,  in  consequence,  a  large  amount  of  the  piering 
has  been  carried  away  by  the  water  during  freshets. 

The  board  are  therefore  of  the  opinion  that  the  left  bank  of  the  river, 
from  A  to  B,  as  shown  on  the  attached  sketch,  should  be  defended 
fiom  the  abrasion  of  the  current  which  impinges  against  it,  and  that  the 
current  should  be  forced  to  flow  out  on  tiiie  north  side  of  the  present 
south  pier. 

They  therefore  approve  and  recommend  the  plan  proposed  by  Brevet 
Lieutenant  Colonel  F.  U.  Farquhar,  captain  United  States  engineers, 
as  the  best  that  can  be  done  with  the  amount  of  money  in  his  hands  al- 
lotted to  this  harbor  ta  effect  these  purposes  and  preserve  the  entrance 
to  the  harbor. 
All  of  which  is  respectfully  submitted. 

I.  0.  WOODRUFF, 
LieuL  CoL  and  Brevet  Brigadier  General  U.  8.  Army. 

J.  B.  WHEELBE, 
Mcyor  and  Brevet  Colonel  U,  8.  Army. 
F.  U.  FAEQUHAR, 
Captain  and  Brevet  Lieutenant  Colonel  U.  8.  Army. 

There  being  no  other  business  before  it,  the  board  adjourned  sin>e  die. 

I.  0.  WOODRUFF, 
Lieut  Col.  amd  Brevet  Brigadier  General  U.  8,  Army. 

F.  U.  FARQUHAR, 
Captain  and  Brevet  Lieut  Col.  U.  8.  Army,  Becorder. 


B  14. 

Milwaukee,  April  28, 1869. 

Genebal  :  I  have  the  honor  to  inclose  herewith  a  drawing,  on  which 
are  shown  a  plan  elevation  and  sections  of  a  portion  of  a  pile  pier. 

Should  an  allotment  be  made  for  the  purpose,  there  will  be  built  four 
new  piers  at  the  harbors  under  my  charge,  viz:  a  north  pier  at  Aux 
Bees  Scies,  a  north  pier  at  Pentwater,  and  two  piers  (north  and  south) 
at  the  mouth  of  White  River. 
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Should  it  meet  with  your  approval,  I  would  like  to  build  these  piers 
firom  the  shore  line  to  the  9-feet  curve  in  accordance  with  the  inclosed 
plan. 

At  White  Eiver  the  clay  is  found  from  2  to  6  feet  below  the  bottom 
of  the  water. 

.  At  Pentwater  a  bridge  pier,  built  on  piles,  has  stood  well  for  many 
years;  while  the  south  pier,  built  last  season,  and  which  is  founded  on 
cribs,  has  settled  so  irregularly  as  in  some  places  to  break  the  super- 
structure. 

At  Aux  Bees  Scies,  clay  is  reported  at  10  fe6t  below  the  bottom. 

The  best  works  on  the  east  shore  of  Lake  Michigan,  as  far  as  piers  are 
concerned,  are  founded  on  piles. 

In  all  cases  I  would  propose  a  pier-head,  founded  on  a  crib,  very  care- 
fully constructed,  and  properly  placed  in  position. 

Taking  the  lowest  prices  on  which  to  base  an  estimate,  a  crib,  properly 
bedded  at  12  feet  below  the  surface  of  the  water,  32  by  20  feet  in  plan, 
and  with  a  superstructure  5  feet  in  height,  will  cost  not  less  than  $1,565. 

The  same  length  of  pier  built  in  accordance  with  the  inclosed  plans 
will  cost  not  more  than  $973. 

Keither  of  these  estimates  includes  the  cost  of  superintendence. 

The  manner  of  building  the  pier  is  as  follows:  Two  rows  of  close  piling 
are  driven  13  feet  apart,  and  at  intervsds  of  32  feet  in  length  of  pier; 
these  two  rows  are  connected  by  a  cross  row  of  close  piling. 

On  the  outer  faces  of  the  side  rows  of  piles  a  horizontal  shoulder  of 
not  more  than  6  inches  deep  is  cut,  above  which  the  faces  of  the  piles 
are  hewn  off  to  make  flat  surfaces  for  the  water-sUl  to  rest  against,  the 
inner  faces  of  the  piles  being  scored,  so  as  to  make  a  fair  bearing  for  the 
binder. 

The  water  s^l  (8  inches  by  12  inches)  is  then  put  in  place  with  the 
binder  on  opposite  face  of  piles,  and  screw-botts  1^  inch  in  diameter 
hold  together  the  water  sill,  piles,  and  binder. 

The  two  rows  of  close  piling  are  held  together  by  ties  (12  inches  square) 
placed  at  intervals  of  8  feet. 

On  this  foundation  the  ordinary  superstructure  is  built,  excepting  that 
at  intervals  of  32  feet  in  length  of  pier  a  solid  wall  of  ties  is  built,  these 
ties  being  bolted  to  the  cross  rows  of  close  piling.  A  ballasting  of  stone 
is  used.  Many  of  the  details  I  have  taken  from  work  done  by  General 
Gram  and  Golouel  Wheeler. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

F.  U.  FAEQUHAR, 
Captain  U,  8.  Engineers  and  Brevet  Lieut  Colonel  U.  8.  Army. 

Brevet  Msg.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  United  States  Army^  Washington^  D.  C. 
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Proeeedings  of  a  board  of  engineers  con/oened  at  Milwaukee^  Wisconsin^  in 

obedience  to  the  following  order : 

[Special  Orders  No.  38. — ^Extract.] 

Headquarters  Corps  of  Engineers^ 

WwUngtony  D.  C,  May  7, 1869. 

•  «  •  •  •  «  «  «*«  «-* 

2.  For  the  consideTation  of  certain  stmctnres  for  harbor  imTOroyement  upon  Lake 
Michigan,  a  board  of  engineers,  consisting  of  Lientenant  Colonel  W .  F.  Raynolds,  breyet 
brigamer  general  United  States  Army,  Major  J.  B.  Wheeler,  brevet  colonel  United 
States  Army,  Major  W.  McFarland,  brevet  mi^or  United  States  Army,  Captain  F.  U. 
Farqnhar,  brevet  lientenant  colonel  United  States  Army,  will  assemble  at  Milwaukee, 
Wisconsin,  on  the  13th  instant,  or  as  soon  thereafter  as  practicable.  The  junior  mem- 
ber will  act  as  recorder. 

By  command  of  Brigadier  Qeneral  Humphreys. 

THOMAS  LINCOLN  CASEY, 
MdQor  of  En^neers  and  Brevet  Colonel  United  States  Army. 

Thursday,  May  13, 1869 — ^1  o^clooJc  p,  m. 

The  board  having  met  in  puTsnance  of  the  above  order — ^present,  Lieu- 
tenant Colonel  W.  F.  Eaynolds,  brevet  brigadier  general  United  States 
Army,  Major  J.  B.  Wheeler,  brevet  colonel  United  States  Army,  Captain 
F.  U.  Farquhar,  brevet  lieiU^enant  colonel  United  States  Army;  absent. 
Major  W.  McFarland,  brevet  major  United  States  Army — the  board 
was  organized  by  the  reading  by  the  senior  member.  Lieutenant  Colonel 
W.  F,  Raynolds,  brevet  brig^ier  general  United  States  Army,  president 
of  the  board  ex  officio,  of  the  order  of  assembly  given  above,  and  at  once 
proceeded  to  business.  The  following  letter  of  instructions,  from  the 
Chief  of  Engineers,  was  laid  before  the  board,  and  read  to  it: 

Office  of  the  Chief  of  Engineers, 

Washingtonj  D.  0.,  May  7, 1869. 

General'!  The  board  of  engineers  convened  in  pursuance  of  Special 
Order  No.  38,  Office  of  the  Chief  of  Engineers,  May  7, 1869,  for  the  con- 
sideration of  projects  for  harbor  improvements,  wfil  take  into  consider- 
ation the  plan  of  a  "pile  pier''  proposed  by  Brevet  Lieutenant  Colonel 
F.  U.  Farquhar,  for  the  improvement  of  the  harbors  on  the  eastern  coast 
of  Lake  Michigan,  and  also  his  plans  for  the  repairs  and  improvement 
of  the  harbor  of  Black  Lake  on  that  coast,  and  will  report  fully  in  regard 
to  the  same,  suggesting  such  alterations  or  amendments,  if  any,  as  may 
seem  to  it  to  be  advanSigeous  and  proper,  having  especially  in  view  the 
character  of  the  bottom  at  the  various  harbors,  their  situation,  and  the 
forces  and  direction  of  the  currents  affecting  tnem,  whether  caused  by 
storms  or  otherwise. 

Brevet  Lieutenant  Colonel  Farquhar  will  furnish  the  board  from  the 
records  of  his  office  with  such  drawings,  maps,  and  other  information  as 
may  be  required  for  its  investigations.  He  will  be  instructed  to  pay  the 
expenses  incurred  by  the  board  of  engineers,  including  the  mileage  of 
the  members  to  Milwaukee  and  returning  to  their  stations,  from  the 
appropriation  for  examinations  and  surveys  on  the  northwest  lakes. 
Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHEEYS, 
Brigadier  General  and  Chief  of  Ungineers* 

Brevet  Brig.  Gen.  W.  F.  Raynolds, 

Lieut  Col.  ofSn^Sj  President  Board  of  Eng%  cfec,  Detroit,  Mioh. 

The  original  "plan  of  a  pile  pier  proposed  by  Brevel  Lieutenant 
Colonel  F.  U.  Farquhar  for  the  improvement  of  harbors  on  the  eastern 
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coast  of  Lake  Michigan,  and  his  plans  for  the  lepairs  and  improvement 
of  the  harbor  of  Black  Lake  on  that  coast,"  were  then  laid  before  the 
board  and  partly  discussed;  after  which  the  board  adjourned  to  meet  at 
9  o'clock  a.  m.  on  the  succeeding  day,  at  the  same  place.  United  States 
Engineer's  office,  Milwaukee,  Wisconsin. 

Friday,  May  14, 1869. 

The  board  met  pursuant  to  adjournment,  and  proceeded  to  the  comple- 
tion of  the  business  before  it.    Present  all  the  members. 

After  due  deliberation  the  board  submit  the  following  opinions  and 
recommendations  in  regard  to  the  repairs  and  improvements  of  Black 
Lake  Harbor: 

OPINIONS,  ETO. 

1st.  The  board  are  of  the  opinion  that  the  repairs  and  improvements 
recommended  by  Brevet  Lieutenant  Colonel  Farquhar  are  necessary. 

GHiat  they  approve  of  items  I  and  U  of  the  repairs  recommended  by 
him,  which  are  as  follows: 

^<  I.  Bepairing  portion  of  old  north  brush  pier  (marked  A  on  sketch)  for 
a  distance  of  1^  feet  from  repairs  made  last  year,  inward.  This  is  ren- 
dered necessary  to  prevent  a  breach  between  the  repaired  pier  and  shore 
line." 

<<U.  Bepairing  similar  portion  of  old  south  brush  pier  (marked  B) 
for  the  same  reason." 

<^Li  making  these  repairs  I  propose  to  drive  two  rows  of  close  piling, 
put  on  capping  pieces,  and  build  three  feet  of  st^rstructure  of  ordinaxy 
timber  work,  and  ballast  with  stone." 

(The  use  of  the  word  ^'  sand"  instead  of  ^^ stone,"  in  Colonel  Farquhar's 
recommendation,  was  a  clerical  error.) 

The  board  also  approve  item  m,  which  is  as  follows : 

"  III.  Building  five  hundred  feet  of  pier  (marked  C)  to  prevent  the  cur- 
rent  from  eating  into  the  sand  hUl  and  carrying  out  the  sand  to  form  a 
sand-bar  between  the  piers,  and  also  from  getting  behind  and  destroy- 
ing the  old  north  brush  pier.  I  would  propose  to  construct  this  by 
driving  a  row  of  close  piles  on  the  channel  side  of  pier,  and  on  the  shore 
side  a  row  of  piles  eight  feet  apart,  capping  these  rows,  and  tying  them 
together  by  timber  ties  every  eight  feet  in  length  of  pier. 

Li  addition,  the  board  would  recommend  that  the  pier  be  filled  with 
brush  to  the  water's  edge,  with  sufficient  stone  to  ballast  it. 

The  board  make  the  following  recommendation  in  regard  to  item  lY, 
which  states :  "That  part  of  the  south  pier  built  last  year  is  in  a  very 
bad  condition,  owing  to  the  very  irregular  settling  of  the  cribs  which 
form  its  foundation."  To  repair  this,  and  prevent  any  washing  out  from 
under  the  south  edge  of  this  pier,  the  board  think  the  amount  of  stone 
proposed  by  Brevet  Lieutenant  Colonel  Farquhar,  used  simply  as  an 
enrockment  along  the  south  side  of  the  pier,  will  be  sufficient  without 
the  protecting  row  of  piles. 

2d.  The  board  has  examined  carefully  the  plan  of  a  pile  pier  proposed 
by  Colonel  Farquhar,  and  coincides  that  this  structure  may  be  used  at 
the  point  suggested,  and  subject  to  the  conditions  given  by  him.  They 
approve  of  his  dividing  the  pier  into  compartments,  and  think  it  is  a 
source  of  strength  to  the  structure. 

In  approving  this  plan,  the  board  wish  to  state  that  they  do  not  pro- 
pose to  supersede  the  crib  pier,  excepting  in  the  case  where  the  cost  is 


t 
BEPOBT  OF  CHIEF.  OF  ENQINBER8.  105 

an  essential  element,  and  where  the  pier  will  not  be  liable  to  shocks  or 
blows  from  passing  vessels  or  floating  bodies* 

As  the  efficiency  of  the  pile  pier  will  depend  upon  the  proper  driving 
of  the  pUes,  and  other  details  of  construction,  the  board  would  recdm- 
mend  that  the  work  be  done  by  hired  labor  and  not  by  contract. 
All  of  which  is  respectfrdly  submitted. 

W.  R  RAYNOLDS, 
Lieutmant  OoUmeLBrevet  Brigadier  Qeneral. 
J.  B.  WHBELEE, 
Major  of  Engineers  and  Brevet  Colonel. 
WILLIAM  MoFAELAND, 

McQor  qf  JEn{iineeri. 
F.  XJ.  FAEQUHAR, 
Captain  U.  8.  A»  and  Brevet  Lieutenant  CoUmelj  Recorder. 

There  being  no  business  before  it,  the  board  a^oumed  sine  die. 

W.  F.  BATNOLDS, 
Lieutenant  Colonel  of  Engineers  and  Brevet  Brigadier  OeneraL 

F.  U.  FAEQUHAE, 
Captain  of  Engineers  and  Bvt.  Lieut.  Col.  U.  S.  A.,  Recorder. 


Office  of  the  Chief  of  Enohveebs, 

Washington^  D.  C,  May  26, 1869. 

G0L019EL:  The  proceedings  and  recommendations  of  the  board  of 
engineers  convened  at  Milwaukee  by  Special  Orders  No.  38,  Headquarters 
Corps  of  Engineers,  May  7, 1869,  of  which  you  were  a  member,  are  ap- 
proved. 
You  will  govern  yourself  accordingly. 
By  command  of  Brigadier  General  Humphreys. 
Very  respectfully,  your  obedient  servant, 

Jl^O.  G.  PAEKE, 
Mayor  ofEngineerSj  Brevet  Major  General  U.  S^  A. 

Oapt.  and  Bvt  Lieut.  OoL  F.  U.  Fabquhab, 

Corps  of  Engineers^  Milwaukee^  Wisconsin. 


Appendix  C. 


Brevet  Major  Oeneral  Cram?s  report  upon  the  rivers  ami  harbors  in  his 

charge  for  the  fiscal  year  ending  June  30, 1869. 

1.  nCPBOVElOINT  OF  ST.  MABY'S  BIVEB,  KICHIOAN. 

During  this  fiscal  year  the  work  of  improvement  has  been  confined 
entirely  to  dredging  in  Lake  George,  middle  channel,  ^see  Sketch  Ko.  1,) 
with  a  view  of  making  it  200  feet  wide  at  bottom  tnroughout,  and  14 
feet  deep  in  the  middle  and  13^  feet  at  the  sides }  and  for  this  purpose 
the  amount  of  clay  and  sand  removed  has  been  (ficom  1st  of  July,  1868, 
to  30th  June,  1869)  76,342  cubic  yards. 

The  amount  expended  and  paid  for  this  to  the  contractors, 

John  Brown  &  Co..  has  been. $36, 644  16 

The  amount  paid  ana  due  for  contingencies 1, 408  94 

Total  expended  on  the  work  this  fiscal  year 38, 053  10 
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The  progress  of  the  work  has  been  such  that  at  the  end  of  this  fiscal 
year  the  channel  from  its  upper  extremity  A  down  to  B,  5,050  feet,  has 
been  very  nearly  completed — ^leaving  only  some  lumps  and  ridges,  left  by 
th^  dredge  the  first  time  going  over,  yet  to  be  taken  out ;  and  the  remainder 
of  the  channel,  &om  B  down  to  0, 2,170  feet,  has  been  wrought  generally 
to  the  full  depth,  but  not  as  yet  the  full  width  intended. 

It  is  estimated  that  the  amount  measured  in  the  natural  bed,  and  yet 
to  be  taken  out  to  bring  this  part  to  the  full  width  contemplated,  is 
17,175  cubic  yards,  requiring  about  one  month  for  two  dredges,  which 
are  now  engaged,  to  accomplish  the  task. 

The  amount  avaUable  out  of  the  specific  appropriations  of  1866  and 
1867,  and  out  of  the  allotments  from  the  general  appropriations  of  1864 
and  1869,  on  the  1st  July,  1869,  is  $14,799  47. 

With  this  sum  it  is  intended  to  complete,  if  possible,  this  important 
channel  during  the  remainder  of  the  season  of  1869,  and  on  its  comple- 
tion the  present  contract  with  John  Brown  &  Co.  will  be  closed.  The 
sum  allotted  out  of  the  last  appropriation  will  not,  I  fear,  be  sufficient  to 
make  B  0  to  the  full  width. 

r 

Other  pkbces  in  this  river  requiring  improvement 

These  have  been  surveyed,  and  the  plans  and  estimates  made  and 
reported  during  this  fiscal  year.  (See  my  report  accompanying  my  let- 
ter to  headquarters  corps  of  engineers,  20th  January,  1862 ;  also  my  more 
specific  report  upon  these  places  of  date  30th  June,  1869,  accompanying 
this  annual  report.) 

From  these  special  surveys  it  is  estimated  that  the  improvements  of 
the  places  other  than  the  Lake  George  Channel  and  the  Saut  Ste. 
Marie  Canal  will  cost  as  follows : 

East  Neebish,  west  channel $59, 071  00 

Channel  at  head  of  Bain's  Island 66, 380  00 

Channel  at  foot  of  Sugar  Islandu 19, 570  00 

Eemoviog  boulder  rocks  above  the  canal 3, 000  00 

Bemoving  boulders  in  places  below  the  canal 3, 000  00 

Total 141,021  00 

The  present  commerce  passing  through  this  river  justly  demands  these 
improvements. 

8ault  de  8te.  Marie  Ship  Canal. 

Sketch  'No.  2.  This,  it  is  well  known,  was  built  by  the  State  of  Michigan 
from  the  proceeds  of  public  lands  donated  by  the  United  States  govern- 
ment for  the  purpose.  Since  it  was  built  the  commerce  of  Lake  Superior 
has  augmented  so  very  much  as  now  to  require  the  capacity  of  the  canal 
to  be  proportionably  increased.  With  the  view  of  its  being  improved 
by  the  United  States  government,  the  legislature  of  Michigan,  in  its  last 
session,  resolved  by  unanimous  vote  to  cede  this  important  work  to  the 
United  States ;  ana  thus  it  is  obvious  the  first  step  has  been  taken  in 
the  right  direction  for  its  improvement. 

This  work  cannot  be  made  to  answer  the  present  and  fast-growing 
demands  of  the  Lake  Superior  copimerce  short  of  the  following  items  of 
improvement: 
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1.  Deepen  the  existing  lakes  to  a  depth  of  16  feet  on  the  miter  sill. 
There  is  now,  in  the  low  stage  of  navigation,  only  10§  feet. 

2.  Deepen  the  canal  to  17  feet,  and  render  its  sloping,  rough,  rocky 
sides  vertical,  and  safe  for  vessels  to  pass  through. 

3.  Construct  a  prolongation  of  the  upper  end  of  the  north  canal  bank, 
to  enable  vessels  coming  down  under  a  strong  west  wind  to  more  safely 
enter  the  canal  than  they  can  at  present. 

4.  Construct  another  lock,  overcoming  the  fall  with  one  lift,  alongside 
the  present  two  locks. 

The  expense  of  these  improvements  cannot  be  given  until  an  examina- 
tion and  survey,  which  I  re8X)ectfully  recommend,  shall  be  ordered  by 
the  proper  authority  and  made  for  the  purpose. 

The  cost  of  the  necessary  examination  and  survey,  of  the  drawing  of 
the  plans  and  the  making  of  the  estimates,  could  be  legally  defrayed  out 
of  existing  appropriations,  and  would  be  about  $1,200.  But  this  much 
in  respect  to  these  improvements  I  am  prepared  to  say,  viz:  that  all 
can  be  done  without  injury  to  the  present  lock  walls,  and  without  any 
destruction  of  existing  works,  except  the  old  gates  and  miter  sills,  and 
some  of  the  old  grillage  works.  And  that  every  it^m  can  be  economic 
caUy  accomplished,  without  interfering  at  all  with  the  passage  of 
vessels,  by  having  everything  and  all  materials  ready  in  the  summer, 
and  taking  advantage  of  the  time  to  do  the  work  between  the  closing 
and  opening  of  the  seasons  of  navigation. 

The  total  amount  required  yet  1^  be  appropriated  to  complete  the 
improvements  contemplated  in  this  river,  besides  for  this  canal,  it  has 
been  stated  is  $141,021. 

The  amount  required  to  be  appropriated  to  economically  carry  on  these 
improvements  for  the  fiscal  year  ending  June  30, 1870,  is  $60,000. 

The  amount  for  dredging,  to  keep  all  the  improvements,  when  made, 
perpetually  in  good  condition,  including  the  Lake  George  channel,  I 
think  may  be  safely  set  down  not  to  exceed  annually  $10,000. 

2.  IMPEOVINa  MOUTH  OP  AU  SABLE  BIVEB,  MIOHIOAN. 

This  river  is  long,  rapid,  and,  as  its  name  imports,  is  fall  of  sand, 
which,  being  washed  down  from  aJl  the  way  for  one  hundred  and  twenty 
miles  up,  forms  an  everlasting  deposit  at  its  mouth. 

It  debouches  at  the  north  part  of  the  base  of  Saginaw  Bay,  of  Lake 
Huron,  at  a  point  about  the  middle  of  its  west  coast,  and,  with  the  excep- 
tion of  the  mouth  of  the  Saginaw  Biver,  is  the  only  point  on  Lake  Huron 
where  the  United  States  government  has  expended  money  for  improving 
the  harbors  or  rivers. 

It  is  only  the  very  great  value  of  the  pine  district  bordering  upon  the 
An  Sable  and  its  branches  that  justifies  aa  improvement  at  its  mouthy 
merely  to  enable  vessels  to  enter  and  depart  with  their  cargoes  of  lumber, 
without  the  necessity  of  lighterage  over  the  bar,  and  to  afford  them 
some  shelter  while  loading.  G^ie  £shing  interest  is  also  benefited  by  the 
improvement. 

For  these  purposes  ten  feet  depth  was  adopted  for  the  water-way 
between  the  piers,  and  this,  if  it  can  be  attained  and  maintained,  Will 
be  ample.  It  was  in  this  depth  that  all  the  cribs  of  the  lines  of  piering 
shown  on  Sketch  No.  3  have  been  posed  on  a  sand  and  gravel  bottom, 
attained  by  dredging — ^the  cribs  having  bottoms  with  spaces  for  the 
stones ',  as  many  as  would  fall  through  U>  rest  on  the  ground  under  the 
cribs ;  and  the  cribs  were  stayed  each  by  four  piles  driven  in  the  interior 
comers,  to  a  depth  of  nine  to  twelve  feet  into  the  ground  beneath.    The 
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pockets  at  the  horns  of  the  cribs  are  filled  with  a  layer  of  brash  in 
bundles,  then  with  a  layer  of  stones,  then  slabs,  then  with  stones  to  the 
water  surface }  the  other  pockets  or  the  cribs  are  entirely  filled  with 
stones.  The  cribs  were  constructed  with  horns,  and  touched  each  other 
end  to  end  by  the  extremities  of  their  horns. 

During  the  fiscal  year  just  closed,  and  down  to  the  close  of  last  sea- 
son's work,  thirty  such  cribs  had  been  sunk  in  place,  and  were  then  left 
to  their  fate  during  the  past  winter,  without  any  superstructure  above 
water.  The  line  of  the  crib- work  on  the  north  side  was  240  feet,  and  on 
the  south  side  660  feet,  in  extent. 

By  a  glance  at  the  map  of  Lake  Huron  it  will  be  seen  that  the  mouth 
of  the  Au  Sable  is  exposed  to  an  azimuth  of  the  whole  broad  expanse 
of  the  lake,  from  due  southeast  around  by  east  to  due  north,  and  subject 
to  the  full  niry^  without  any  cover  from  islands,  of  winds  from  all  direc- 
tions in  this  azimuth ;  and  the  effect  of  the  waves  upon  the  cribs  depending 
for  the  measure  of  its  power  upon  the  extent  of  the  water  expanse,  the 
force  per  se  of  the  wind,  and  duration  of  the  gale,  we  shall  see  that  our 
work  at  Au  Sable  was  to  be  put  to  the  very  severest  test  after  quit- 
ting it,  25th  of  last  November. 

Not  only  during  the  fall,  winter,  and  spring  was  it  subjected  to  the 
momentum  of  all  the  storm- waves,  but  in  February,  for  a  three  days' 
continuous  northeast  by  east  gale, when  the  ice  had  broken  up  and  was  in 
motion^  the  work  was  subjected  to  a  battering  ram  of  icebergs  oscil- 
lating m  the  lake  during  the  whc^e  gale. 

The  outer  crib's  horns  of  the  south  line  affording  a  fair  opportunity 
for  the  ice  to  act  upon,  were  broken,  and  about  half  of  the  timbers  of 
the  crib  were  forced  off,  and  two  of  the  piles  were  broken  short  off,  and 
several  cords  of  filling  washed  away ;  but  the  lower  part  of  the  crib  re- 
mained firm.  The  work,  being  only  up  to  the  water  surface,  was  attacked 
at  every  point.  The  stay-piles  performed  tlie  ofi&ce  they  were  intended 
for,  else  many  of  the  tiiirty  cribs  must  have  been  knocked  out  of 
their  beds.  Other  than  what  has  now  been  stated,  no  damage  of  conse- 
quence was  done  to  our  work. 

During  the  winter,  as  was  expected,  the  ice  settled  down  and  formed 
a  complete  dam  on  the  summit  of  the  bar  between  the  piers,  the  water 
there  being  only  two  and  a  half  to  three  feet  deep.  The  water,  in  its 
pent-up  effort  to  find  its  way  out,  washed  a  channel  out  in  the  bottom, 
where  most  yielding,  along  on  the  face  of  the  south  pier,  to  a  depth 
of  fourteen  feet  for  an  extent  of  150  feet,  under  and  past  the  ice- 
dam;  this  depth  being  four  feet  lower  than  the  bottoms  of  cribs, 
two  of  the  cribs  near  the  angle  careened  inward  somewhat,  though 
not  so  much  as  to  do  much  harm.  The  stay-piles  of  the  five 
oribs  along  here  well  performed  their  oftce.  I  had  a  riprap  of  stones 
put  along  here,  close  up  to  the  cribs,  to  prevent  farther  scowering. 
Most  of  the  work,  marked  A,  that  was  put  in  by  Mr.  Loud,  was  washed 
away,  and  about  sixty  feet  of  the  outer  part  of  Mr.  Backus's  work,  marked 
O.  These  wor^s,  as  before  reported,  were  put  in  by  these  mill  pro- 
prietors at  their  own  expense,  on  the  lines  of  the  location  of  our  piers, 
before  we  commenced  work.  Mr.  Backus  has  filled  his  gap  with  slabs } 
that  part  of  sixty  feet  which  was  washed  away  was  ^ed  with  "  edg- 
ings,'' which  proved  too  weak.  Loud's  gap  was  also  filled  with  edgings ; 
had  he  driven  his  piles  well,  and  made  it  sixteen  instead  of  five  feet 
wide,  and  filled  with  slabs,  with  his  brush,  and  weighted  the  filling 
down,  his  work  would  have  stood. 

On  the  whole,  considering  the  severity  of  the  tests  our  cribs  have 
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been  subjected  to,  I  think  we  hare  reason  to  be  thankfdl  that  so  little 
damage  has  been  done  to  them. 

I  now  have  to  report  the  effect  of  the  spring  freshets  upon  the  sand 
deposit  between  and  exterior  to  the  outer  ends  of  the  pienng.  To  ascer* 
tain  what  changes  had  occurred,  I  directed  the  inspector,  Mr.  H.  G. 
Bothwell,  to  make  a  survey  of  the  harbor  at  the  close  of  the  freshets, 
which  he  did  in  the  month  of  May  last.  The  results  of  this  survey  with 
soundings  are  shown  on  Sketch  No.  3,  which  shows  that  between  the 
piers  nowhere  is  there  less  than  seven  feet  water,  whereas,  on  quitting 
work  last  November,  the  shoal  gave  us  only  two  and  a  half  to  three  feet 
water;  but  then  the  ten-feet  curve  was  only  215  feet  beyond  the  extrem- 
ity of  the  south  piering,  whereas  now,  by  the  last  survey,  the  ten-feet 
curve  is  525  feet  beyond  that  same  extremity,  further  out  in  the  lake  by 
310  feet,  proving  that  the  deposit  has  been  moved  but  into  deeper  lake 
water,  at  the  same  time  giving  vessels  a  much  greater  draught  between 
the  piers.  I  understand  lumber  vessels  drawing  seven  and  a  half  feet 
find  no  difiBculty  in  departing  or  entering. 

Believing  that  the  settling  of  our  cribs  had  ceased  after  this  spring's 
flood,  operations  were  recommenced  for  the  season,  in  June,  for  repairing 
damages  done  by  the  ice,  and  leveling  up  the  cribs  to  the  water  sniface, 
and  filling  with  stone  to  make  up  for  vacancies  by  settling,  and  for  what 
had  been  washed  away  during  the  gales.  I  have  now  brought  the  nar* 
rative  of  the  work  to  the  close  of  this  fiscal  year. 

The  amount  expended  during  the  fiscal  year  just  closed  is  in  items  as 
follows : 

IPor  materials  and  labor  to  contractors $27, 944  51 

Tet  due  for  materials  and  labor 1, 900  48 

Tor  contingencies 1, 949  47 

Total 31,794  46 


This  leaves,  on  the  1st  July,  1869,  available  of  the  appropriation  of 
2d  March,  1867,  the  sum  of  $13,707  92.  With  this  the  work  is  to  be 
prosecuted  from  the  1st  July,  1869,  as  follows : 

1.  To  extend  the  north  pier  by  two  cribs,  indicated  in  re4,  further 
into  the  lake. 

2.  To  extend  the  south  pier  by  three  cribs  farther  into  the  lake,  and 
by  two  cribs  further  toward  the  shore  in  Loud's  gap. 

3.  To  lead  up  both  lines  of  the  cribs  to  surface  of  water,  and  put  on 
the  superstructure,  with  the  filling  and  plank  over  idl,  should  the  money 
hold  out. 

The  pier  work  will  then  be  safe,  and  the  force  of  the  outflow  will 
probably,  without  any  dredging,  keep  the  channel  clear  enough  to  allow 
vessels  drawing  seven  to  seven  and  a  half  feet  to  enter. 

The  sum  required  and  yet  to  be  appropriated  to  complete  the  im- 
provement according  to  the  original  design  is  $20,000. 

The  amount  required  to  carry  on  the  work  during  the  fiscal  year  clos- 
ing June  30, 1870,  is  $33,707  92. 

The  annual  expense  of  keeping  this  harbor  ox)en,  after  completing  it, 
wUl  be  $3,000. 

We  are  succeeding  thus  far  in  improving  to  a  very  satisfactory  degree 
the  month  of  this  river.  The  business  is  so  large  there,  that  in  all  prob- 
ability during  this  and  the  next  fiscal  year  enough  will  be  saved  in  light* 
erage  to  amount  to  all  the  expenditure  yet  made  for  this  work. 
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3.  IMPBOVINa  MOUTH  OP  SAGINAW  EIVEE,  KICHIGAN. 

Daring  this  fiscal  year  the  amount  dredged  of  the  hardest  kind  of 
material  ever  removed  from  under  water  without  blasting  was  24,699 
cubic  yards.  (Sketch  No.  4.)  Besides  removing  from  the  new  channel 
this  hard  material,  one  great  boulder  and  several  smaller  ones,  and  one 
large  old  vessel  hulk,  and  two  immensely  long  and  heavy  oak  timbers, 
were  removed  from  it. 

The  work  was  completed  on  the  9th  of  October,  1868,  to  the  full  ex- 
tent, width,  and  depth  contracted  for,  viz :  6,800  feet  in  length,  195  feet 
in  width  at  bottom,  and  12  feet  deep  below  the  low  stage  during  the 
calm  weather  of  navigation. '  The  fiuctuatious  of  the  height  of  the 
water  during  gales,  which  often  affect  the  whole  Saginaw  Bay,  cannot 
be  provided  for,  nor  need  they  be.  They  sometimes  for  the  time  being 
vary  the  depth  from  one  to  three  feet ;  but  this  condition  only  lasts  a 
short  time,  when  the  water  is  found  to  have  assumed  its  usual  level. 

By  the  middle  of  the  last  season's  navigation,  (in  the  summer  of  1868,) 
vessels  were  availing  themselves  of  the  new  channel,  and  it  was  entirely 
at  their  service  by  ^e  9th  of  October. 

The  amounts  expended  on  the  work  during  this  fiscal  year  have  been 
as  follows : 

Paid  to  the  contractors $36, 603  45 

Paid  for  contingencies 640  09 

Total 36,043  64 


And  there  is  left  in  my  hands  of  the  allotment  to  this  improvement 
out  of  the  general  appropriation  of  1868,  on  the  1st  July,  1869,  the  sum 
of  •805  99. 

Since  the  work  was  completed  I  have  not  heard  of  the  slightest  ob- 
jection to,  but  much  praise  of,  the  navigation  in  this  new  channel.  It  is 
possible,  however,  that  a  small  sand  deposit  may  wash -into  it  from  the 
spit  that  was  left  between  the  old  and  new  channels,  seen  at  the  south- 
em  end ;  further  than  tiiis  I  have  little  or  no  apprehension  of  injury  to 
the  new  channel. 

I  would  recommend  that  the  small  sum  of  $806  99  above  reported  be 
kept  to  go  towards  defraying  the  expenses  of  removing  a  deposit  should 
one  be  found  at  the  southern  extremity,  also  to  help  defray  the  propor- 
tional amount  of  office  expenses  occasionally  chargeable  to  this  work. 

The  total  cost  of  this  improvement  has  been,  for  work  and  all  contin- 
gencies, $103,394  01.  The  improvement  is  of  incalculable  value  to  the 
commerce  of  the  lakes,  and  one  of  which  our  government  may  justly  be 
proud.  The  amount  of  lighterage  which  has  been  already  saved  since 
the  new  channel  became  available,  to  the  end  of  this  fiscal  year,  is  at 
least  double  the  whole  cost  of  the  work. 

I  estimate  the  annual  expense  at  $1,600  for  keeping  this  channel  in 
good  condition  for  all  time  to  come. 

4.  EMCPEOVINa  ST.  OLAIB  PLATS,  MICmOAN. 

The  operations  of  this  work  have  progressed  with  great  rapidity  con- 
sidering its  magnitude. 

During  the  present  fiscal  year  there  have  been  delivered  the  following 
items  of  materials : 

3,767  round  white  oak  and  rock  ebn  piles. 
2,047,376  feet,  board  measure,  timber  and  lumber. 
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39,797  pounds  nut.  screw,  and  washer  iron  bolts. 
128,013  pounds  drirt  bolt  iron,  in  bars. 
17,400  pounds  wrought  eight  and  ten-inch  spikes. 

And  the  following  items  of  work  have  been  done,  viz: 

2,897  round  piles  prepared  and  driven  for  dike  work. 
8,445  sheet  piles  prepared  and  driven  for  dike  work. 
105,225  running  feet  of  sawed  timber  framed  and  put  into  the  dikes  and 

fastened  in  place. 
23,019  cubic  feet  of  this  timber  creoSoted. 

253,287  cubic  yards  of  earth  dredged  jfrom  the  water-way  between  the 
dikes  and  put  into  the  (Skes  and  canal  banks. 

I  have  exhibited  by  different  colors  on  the  accompanying  sketch  I^o. 
5  the  different  parts  of  the  work,  indicating  the  progress  made  from  the 
beginning  of  the  work  to  30th  June,  the  close  of  the  present  fiscal  year. 

The  total  length  of  the  canal  is  to  be  about  eight  thousand  two  hun- 
dred feet.  The  width  between  the  dikes,  for  water-way,  three  hundred 
feet.  The  depth  of  water,  thirteen  feet  below  the  lowest  stage  known 
during  navigation.* 

The  outer  slope  of  the  earthen  banks  to  be  protected  where  necessary 
from  the  action  of  the  surf  by  a  strong  piling  construction. 

The  full  red  lines  show  the  extents  of  the  dike  revetments  and  banks 
as  constructed  to  30th  June,  1869.  These  extents  are  4,280  feet  on  the 
west,  and  2,748  feet  on  the  east  side. 

The  dotted  continuations  of  these  red  lines  show  the  additional  maxi- 
mum extents,  which  are  on  the  west  side  about  three  thousand  nine 
hundred  and  twenty  feet,  and  on  the  east  about  five  thousand  five  hun- 
dred feet,  yet  to  complete,  if  extended  according  to  the  original  plan. 

The  blue  tint,  commencing  at  the  head  and  extending  down  for  3,320 
feet,  also  the  blue  tint,  commencing  at  the  lake  end  and  extending  up 
for  1,000  feet,  show  the  total  extent  of  4,320  feet  of  the  canal  water- 
way which  has  been  dredged  out  the  full  width  and  depth,  and  all  the 
earth  raised  put  into  the  canal  banks. 

The  extent  of  the  west  protection  to  the  outer  slope  of  the  west  canal 
bank,  to  30th  June,  is  1,748  feet  running. 

Since  recommencing  work  (in  April,  1869)  this  season,  to  the  time  of 
writing  this  report,  (10th  July,  1869,)  the  weather  has  been  exceedingly 
unfavorable,  indeed  quite  discouraging.  Constant  gales  and  rain  have 
very  much  retarded  the  pile-driving,  though  little  or  no  difficulty  on 
these  accounts  would  have  been  experienced  in  dredging;  but  the  wood- 
work of  the  dikes  must  take  the  lead  of  the  excavation  and  embank- 
ment. Owing,  therefore,  to  the  hinderance  of  the  piling,  the  dredges 
have  been  haU'  idle.  If  this  state  of  the  weather  continues  much  longer, 
it  will  be  impossible  to  complete  the  work  by  1st  of  January  next. 

The  contractor,  John  Brown,  has  had  a  heavy  force  on  the  ground,  and 
diligently  taken  advantage  of  every  moment  of  weather  that  would  allow 
the  work  to  go  on*  Five  dredges,  two  steam  crane  derricks,  six  pile- 
drivers,  and  all  the  necessary  attendant  tugs  and  scows,  with  some  two 
hundred  men,  have  been  on  hand :  and  two  more  pile-drivers  are  being 
built,  and  if  necessary  two  more  dredges  will  be  put  in. 

Another  circumstance  has  operat^  to  retard  the  work  the  present 
season  more  than  I  anticipated.    I  refer  to  act  of  Congress  approved 

*  DoriDg  all  this  season  we  have  had  more  than  fourteen  feet  in  the  finished  part  of 
the  water-way.  The  revetments  of  the  dikes  next  the  canal  water-way  are  fourteen 
feet  thick;  and  these,  with  the  outer  portions  of  the  canal  banks,  rise  five  feet  above 
water. 
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July  25, 1808.  Tinder  the  penalty  of  imprisonment  and  fine  imposed  in 
the  third  section  of  this  act,  and  there  not  having  been  money  enongh 
appropriated  to  complete  this  work,  I  did  not,  daring  the  past  winter,  or- 
der the  contractor  to  famish  all  the  timber  and  other  materials.  The 
allotment  oat  of  the  general  appropriation  of  1869  for  this  work  being 
made  11th  May,  1869,  it  was  then  too  late  in  the  season  for  millers  to  cat 
their  logs  to  the  proper  length  for  so  large  an  amonnt  of  timber.  Hence 
on  this  account  there  may  be  some  delay  in  the  completion.  Had  we 
had,  in  early  winter,  funds  appropriated  sufficient  to  justify,  all  would 
have  been  ordered  and  engaged  by  the  contractor  in  the  winter,  which  is 
the  proper  time  in  all  this  part  of  the  country  for  engaging  bill  timber 
or  piles. 

i^Totwithstanding,  every  reasonable  effort  is  now  being  urged  by  me 
and  promptly  exerted  by  the  contractor  to  complete  the  work  as  falst  as 
possible. 

Out  of  the  appropriations  specifically  made  for  this  work  in  1866  and 
1867,  there  was  available  at  the  beginning  of  the  present  fiscal  year  the 
sum  of  $214^427  24. 

With  funds  from  this  the  work  has  been  prosecuted  during  this  fiscal 
year  to  June  30, 1869,  to  the  amounts  expended  as  follows: 

To  contractors,  for  work  and  materials $174, 218  60 

For  creosoting  timber. 3, 460  35 

For  contingencies 2, 107  87 

Total 179, 786  82 


The  allotment  to  this  from  the  general  appropriation  of  1868  was 
$86,000,  and  from  that  of  1869  the  allotment  was  $144,000.  Hence  we 
perceive  that  we  have,  1st  July,  1869,  funds  from  all  sources  available 
for  the  work  to  the  amount  of  $264^640  42. 

With  this  sum  it  is  intended,  dunng  the  remainder  of  the  present  sea- 
son, to  prosecute  the  work  toward  completion  as  far  as  the  funds  will 
reach  in  the  accomplishment  of  the  designs. 

As  yet  I  see  no  reasons  justifyiug  me  in  diminishing  the  estimate  of 
funds.  I  asked,  in  my  last  annual  report  to  be  appropriated,  viz., 
$159,000.  As  only  $144,000  was  allotted,  11th  May,  1869,  out  of  the 
general  appropriation,  I  am  still  short  of  that  estimate  by  the  sum 
of  $15,000;  and  therefore  the  amount  requested  yet  to  be  appropri- 
ated for  this  work,  in  addition  to  what  we  have  available  for  the  fiscal 
year  ending  June  30, 1870,  is  $15,000. 

After  completing  the  work,  the  annual  amount  for  keeping  it  in  good 
order  and  repair  I  estimate  at  $1,500. 

5.  EXAMINATIONS  AND  SUBTEYS. 

Under  this  head  considerable  field  and  office  work  has  been  done  un« 
der  my  charge  during  this  fiscal  year. 

1st.  For  a  sbip  canal  from  the  lower  reach  of  the  Maumee  Biver,  Ohio, 
directly  through  the  Maumee  Bay  into  deep  water  of  the  lake,  (Erie,) 
a  survey  was  made  in  the  autumn  of  1868,  by  Captain  J.  G.  Lydecker, 
corps  of  engineers,  then  my  assistant.  The  report,  (dated  29th  Decem- 
ber, 1868,)  with  maps,  plans,  and  estimates  for  this,  was  forwarded  to 
headquarters  corps  of  engineers  about  the  close  of  1868,  or  beginning 
of  1869. 

2d.  Minute  surveys  were  also  made  during  this  fiscal  year  by  Captain 
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H.  C.  Wharton,  corps  of  engineers,  my  assistant,  of  several  places  in 
St.  Mary's  Elver,  Michigan ;  also  oi'  the  west  channel  of  the  East 
Neebisb  Eapids  of  the  same  river,  by  Lieutenants  Greene  and  Haupt, 
corj)s  of  engineers,  temporai'ily  acting  under  my  orders  for  this  pur- 
pose ;  also  of  a  part  of  this  river  at  the  head  of  Eam's  Island,  by  a  party 
kindly  furnished  by  Brevet  BVigadier  General  W.  F.  Baynolds,  corps  of 
engineers,  superintendent  of  the  lake  survey,  at  my  request. 

The  results  of  all  these  surveys  are  mapped  and  contained  in  a  separate 
report  of  mine,  dated  30th  June,  1869,  which  will  be  sent  with  this 
annual  report,  and  which  will  set  forth  the  manner  and  expense  of  im- 
proving each  place,  to  which  attention  is  invited. 

Before  closiug,  I  take  occasion  to  recommend  a  survey  and  examina- 
tion with  a  view  to  the  improvement  of  the  mouth  of  Sheboygan  Eiver, 
Michigan,  as  eminently  worthy  of  being  made  by  the  government.  The 
waters  of  this,  and  of  its  tributaries,  ocxjupying  the  northern  part  of  the 
lower  Michigan  peninsula,  emptying  into  the  straits  of  Mackinaw,  are 
of  much  importance,  aifbrdiog,  as  tiiey  do,  an  interior  na\'igation  by 
steam  for  some  seventy  to  one  hundred  miles  of  lakes  and  connecting 
rivers,  through  extensive  districts  of  excellent  pine  forests,  and  a  great 
amount  of  farming  soil  of  good  quality.  The  obstruction  at  the  mouth 
of  the  river  can,  with  a  moderate  expenditure,  be  readily  removed.  And 
when  removed,  so  as  to  do  away  with  the  present  expensive  lighter- 
age, a  result  similar  to  that  which  has  attended  the  opening  of  the  new 
channel  at  the  mouth  of  the  Saginaw  Eiver  would  be  immediately 
realized,  and,  in  addition,  there  would  accrue  to  the  United  States 
treasury,  by  the  immediate  sale  of  public  lands  consequent  upon  the 
•improvement,  ten-fold  the  amount  of  cost  of  deepening  its  mouth. 

For  these  reasons,  and  the  additional  one  that  when  the  obstruction, 
which  is  not  sand,  but  tough  clay,  is  once  removed  there  will  be  no  fill- 
ing up,  I  recommend  the  survey,  which  need  not  cost  more  than  $750. 
I  have  the  honor  to  be,  very  resi>ectfuUy,  your  obedient  servant, 

T.  J.  CEAM, 
Colonel  Engineers  J  Brevet  Major  Oetieral  U.  S.Army, 

Brevet  Maj.  Geri.  A.  A.  Humphreys, 

Brigadier  General,  Chief  of  Engineers  United  States  Army. 


Beportj  with  maps,  of  the  surveys  and  estimates  of  quantities  to  he  removed 
by  dredging,  for  the  improvement  of  certain  places  in  8t.  Mary^s  Eiver, 
Michtgan,made  by  authority  from  Chief  of  Engineers,  September  30, 1868, 
rendered  with  my  annual  report,  30^  June,  1869. 

The  several  places  reqairing  improvement,  and  for  which  these  special 
surveys  were  made  during  the  present  fiscal  year,  in  the  autumn  of  1868, 
are  indicated  on  the  engraved  general  map,  and  five  of  the  places  are  « 
shown  on  the  accompanying  maps  of  larger  scale,  as  follows,  in  ascend- 
ing the  river: 

1st.  At  the  head  of  Bam's  Island,  thirty  miles  below  Fort  Brady,  or 
the  village  of  Sault  de  Ste.  Marie. 

Map  A  shows  the  position  of  the  measured  base  and  the  soundings  of 
the  survey.  The  figure  inclosed  by  the  re4  dotted  lines  exhibits  the 
place  to  be  improved,  by  dredging  out  the  small  bowlders,  and  gravel 
and  sand  deposit.  The  bowlders  here  vary  in  size  from  fonr  inches  'to 
twenty-four  inches  in  diameter.    The  contemplated  improvement  is  to 
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ilo  away  with  the  sharp  elbows  in,  and  to  widen,  the  present  channel 
there,  and  to  give  it  a  depth  of  14  feet  below  the  lowest  stage,  requiring 
27,337  cubic  yards,  to  be  removed,  as  estimated  by  my  assistant.  Captain. 
H.  C.  Wharton,  corps  of  engineers. 

Tlie  survey  of  this  place  was  made  at  my  request,  in  a  manner  pre- 
scribed by  myself,  by  a  lake-survey  party  under  the  orders  of  the  super- 
intendent of  the  lake  survey.  Brevet  Brigadier  General  W.  F.  Baynolds, 
to  whom  I  am  under  obligations  for  the  favor. 

2d.  At  the  foot  of  Sugar  Island,  26J  miles  below  that  viDage. 

Map  B  shows  the  lines  of  triangulation  and  the  soundings  of  the  sur- 
vey which  was  made  by  Captain  Wharton,  under  my  direction.  It  is  in 
contemplation  to  improve  here  by  dredging  the  apace  limited  between 
the  red  lines  to  a  width  at  bottom  from  200  to  300  feet,  and  to  a  depth 
of  13  feet  below  lowest  stage.  The  material  to  be  dredged  is  soft  clay, 
and  for  a  wi^ith  of  200  feet  amounts,  by  tbis  estimate,  to  33,888  cubic 
yards,  and  for  a  width  of  300  feet  to  60,831  cubic  yards. 

An  improvement  here  is  deemed  necessary  to  give  a  straight  free 
course,  allowiftg  vessels  to  navigate  along  this  part,  and  a  short  distance 
below,  without  hinderance  in  the  night  by  taking  out*two  sharp  elbows 
in  the  present  channel,  which  now  cannot  be  safely  run  in  the  dark.  In 
the  estimate  in  my  annual  report  I  adopt  300  feet  as  the  proper  widtn  for 
the  channel  at  bottom. 

3d.  West  channel  of  East  Neebish  Eapids,  24  miles  below  said  village. 

Map  C  shows  the  base  line  and  soundings  of  the  survey  which  was 
made  by  a  lake-survey  party,  Assistants  Lieutenants  Green  and  Haupt, 
corps  of  engineers,  placed  under  my  orders  for  the  purpose,  in  a  manner 
as  shown  by  the  map,  and  which  was  prescribed  by  myself. 

The  improvement  in  contemplation  here  consists  in  dredging  so  as  to 
widen  and  deepen  where  necessary  the  channel  for  an  extent  of  2,100 
feet,  to  a  width  of  200  and  depth  of  14  feet  below  lowest  stage  during 
the  season  of  navigation,  requiring  3,526.7  cubic  yards  solid  rock,  4,853 
cubic  yards  loose  rock,  or  small  bowlders,  and  1,627  cubic  yards  sand 
and  gravel  to  be  removed,  as  per  Lieutenant  Haupt's  estimate. 

It  has  been  considered  by  all  who  are  acquainted  with  the  river  that 
this  improvement  will  be  of  vast  benefit  to  the  navigation,  and  I  am 
satisfied  that  it  should  be  the  first  improvement  to  enter  upon  after  com- 
pleting Lake  George  Chimnel. 

4th.  Middle  channel  of  Lake  George,  having  its  middle  point  say  twenty 
miles  below  said  village. 

Map  D  is  a  copy,  with  additions  made  by  Captain  Wharton,  of  the 
lake-survey  map,  of  a  survey  made  in  the  fall  of  1868,  by  orders  direct 
from  the  Chief  Engineer  to  General  Eaynolds,  to  whose  courtesy  I  am 
indebted  for  permission  to  make  the  copy. 

This  map  shows  very  well  the  condition  of  the  channel  at  the  close 
of  the  dredging  in  the  autumn  of  1868.  Captain  Wharton  estimates 
from  it  that  at  the  beginning  of  the  season  for  dredging  in  1869  there 
remained  32,730  cubic  yards  soft  material  to  be  dredged  out  in  order  to 
complete  the  channel  to  the  scale  of  improvement  contemplated,  viz : 
14  feet  depth  in  the  middle  of  the  channel,  12^  feet  at  the  sides,  and  200 
feet  wide  at  the  bottom. 

6th.  At  a  place  1 J  mile  above  the  Sault  de  Ste.  Marie  Canal. 

Map  E  shows  a  cluster  of  bowlders  there,  which  have  also  been,  under 
my  directions,  surveyed  and  located  by  a  triangulation,  by  Captain 
Wharton.  These  bowlders  are  dangerous,  and  several  vessels  have  been 
damaged  and  two  totally  wrecked  on  them  in  attempting  to  enter  the  canal 
under  a  strong  west  wind.  By  a  careful  consideration  of  these  sunken  dan- 
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gers  I  infer,  as  they  have  deep  water  near  to  and  all  around  them,  that  by 
powerful  steam  force  they  may  be  rolled  out  of  the  way  into  deep  water; 
if  not,  they  can  be  easily  blasted,  and  the  fragments  moved  by  a  dredge 
into  deep  water. 

The  amount  estimated  by  Captain  Wharton  of  the  contents  to  be  re- 
moved pertaining  to  Nos.  1,  2,  3,  is  only  540  cubic  feet  to  leave  us  15 
feet  depth  of  water  at  lowest  stage  over  their  remaining  parts.  Those 
marked  on  the  mai)  4,  5, 6,  are  too  remote  to  be  dangerous,  and  need  not 
be  removed. 

The  cost  of  the  improvement  here  I  estimate,  after  consultation  with 
experienced  blasters,  at  $3,000. 

6th.  A  bowlder  2J  miles  below  the  Sault  de  Ste.  Marie  Canal.  [See 
engraved  map  for  its  location  J  This  sunken  bowlder  should  be  removed. 
It  will  cost  about  $1,000.  By  dredging  a  pit  near  it  it  iirobably  can 
be  rolled  into  it ;  if  not,  we  must  resort  to  blasting. 

7th.  Another  bowlder  about  IJ  mile  above  the  head  of  Ram's  Island, 
which  is  dangerous  to  vessels,  and  should  be  removed. 

8th.  Still  another  bowlder,  just  opposite  the  foot  of  that  island. 

This  is  so  near  the  middle  of  the  channel  as  to  be  much  in  the  way, 
and  should  be  removed. 

The  cost  of  removing  the  two  last-named  bowlders  I  estimate  at 
$2,000. 

No  examination  or  survey  has  been  made  with  a  view  of  determining 
the  cost  of  the  improvements  required  in  the  Sault  de  Ste.  Marie  Canal. 
1  think  it  highly  desirable  that  I  should  receive  authority  to  do  this 
during  the  summer  of  1869,  so  that  I  may  set  Captain  Wharton  with  a 
small  party  at  the  work  before  he  comes  down  from  there  this  season. 

Respecttully  submitted. 

T.  J.  CRAM, 
Colonel  Engineers,  Brevet  Major  General,  June  30, 1869. 

Brevet  Maj.  Gen.  A.  A.  Humphreys, 

Brigadier  General,  Chief  of  Engineers. 


Appendix  D. 


Report  of  operations  in  the  improvement  of  Monroe  Harbor,  Michigan,  for 

the  year  ending  June  30,  1869. 

This  improvement  was  under  charge  of  Brevet  Msyor  General  T.  J. 
Cram,  colonel  of  engineers,  until  April  12,  1869,  nfter  which  time  its 
charge  devolved  upon, Major  Walter  McFarland,  corps  of  engineers. 

!N^othing  has  been  done  here  during  the  past  year,  the  harbor  being  in 
very  good  condition,  so  far  as  the  piers  are  concerned,  though  the  bar  at 
the  mouth  of  the  ship  canal  begins  to  show  the  need  of  dredging — 
although  in  General  Cram's  report  of  last  winter  he  says :  ^'  I  do  not 
propose  to  dredge  away  this  bar,  there  being  already  water  enough  for 
the  very  limited  commerce  of  the  place."  On  the  14th  of  June  I  recom- 
mended to  the  department  that  the  bar  at  the  mouth  of  this  canal  be 
removed  by  dredging,  and  that  a  wing  or  deflector  be  constructed  at  the 
western  extremity  of  the  north  pier  in  order  to  prevent  the  seas  which 
run  along  that  pier  from  breaking  through  into  the  channel. 

These  recommendations  were  api)roved  by  the  Chief  of  Engineers  June 
18,.  and  on  the  31st  July  I  directed  advertisements  calling  for  bids  for 
doing  this  work  to  be  inserted  in  the  Cleveland  Daily  Herald. 
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Since  the  close  of  the  year  this  work  has  been  let — ^the  dredging  at 
twenty-four  cents  per  cubic  yard,  which  is  the  lowest  bid  on  public  work 
made  within  the  Ijist  five  years  for  this  kind  of  work — and  it  will  prob- 
ably be  completed  by  the  1st  of  December. 

Balance  June  30, 1868 $10,590  21 

Expended  by  General  Cram 178  73 

Balance  June  30, 1869 10,411  48 


The  most  of  which  will  probably  be  expended  within  the  present  year. 

"No  further  appropriation  is  asked. 

The  annual  cost  of  keeping  this  harbor  in  repair  may  possibly  amount 
to  $1,000. 


D  1. 

Report  of  operations  in  the  improvement  of  Toledo  Harbor ^  Ohio^for  the 

year  ending  June  30, 1869. 

This  improvement  was  in  charge  of  Brevet  Major  General  T.  J.  Oram, 
colonel  o£  engineers,  until  April  12, 1869,  since  when  it  has  been  in  charge 
of  Major  TV'alter  McFarland,  corps  of  engineers. 

From  July  to  October  19,100  cubic  yarcls  of  sand  were  removed  from 

the  channel  between  buoys  1  and  9,  a  distance  of  about  one  mile  and  an 

eighth,  in  the  crookedest  and  most  troublesome  part  of  the  channel,  in 

•  which  a  depth  of  twelve  feet  below  low  water  was  obtained  for  a  width 

of  one  hundred  and  seventy  feet. 

On  the  27th  of  December  General  Cram  transmitted  to  the  Chief  of 
Engineers  a  project  for  constructing  a  ship  canal  through  Maumee  Bay 
at  an  approximate  cost  of  $885,526,  in  place  of  further  dredging  the 
channel.  This  project  was  submitted  to  a  board  of  engineers  which 
assembled  in  Wa^hingrton  in  January,  1869,  and  by  them  was  rejected 
on  the  ground  of  bad  location  of  the  proposed  cut,  defective  method  of 
construction,  and  excessive  cost;  and  in  its  place  it  was  recommended 
that  the  main  or  western  channel  should  be  dredged  throughout  its  entire 
length,  for  a  width  of  two  hundred  feet  and  a  depth  of  twelve  feet,  at 
a  probable  cost  of  $162,800,  which  report  and  recommendation  were 
approved  by  the  Chief  of  Engineers  in  a  letter  of  January  27, 1869,  to  the 
Secretary  of  War,  transmitting  the  proceedings  of  the  board. 

Shortly  after  being  placed  in  charge  of  the  improvement  of  this  har- 
bor I  visited  Toledo,  where  I  met  a  number  of  gentlemen  interested  in 
the  commerce  of  the  place,  and  anxious  to  learn  what  could  be  done  for 
the  relief  of  its  navigation.  In  company  with  them  I  made  an  examina- 
tion of  Maumee  Bay  and  of  the  condition  of  their  commerce,  the  result 
of  which  I  reported  to  the  Chief  of  Engineers  on  the  6th  of  May. 

I  stated  in  that  report  that  my  examination  had  confirmed  me  in  the 
opinion  expressed  by  the  board  in  January,  that  the  improvement  should 
be  confined  to  the  western  or  main  channel,  and  that  as  the  dredging 
would  need  to  be  carried  over  the  whole  length  of  it,  that  not  much  relief 
could  be  given  for  a  less  sum  than  $75,000  or  $80,000,  which  the  citizens 
were  very  anxious  to  have  allotted  from  the  recent  general  appropria- 
tion of  $2,000,000  for  the  improvement  of  certain  works  on  rivers  and 
harbors. 

In  answer  to  this,  on  the  24th  of  May,  a  letter  was  sent  me  from  the 
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office  of  the  Ohief  of  Engineers,  directing  me  to  make  an  examination 
with  the  lake-survey  steamer  Search,  of  the  sailing  lines  of  Maumee  Bay, 
for  the  purpose  of  ascertaining  **  how  far  $30,000  cduld  be  made  avail- 
able toward  relieving  the  present  pressure  upon  the  commerce  of  the 
place.'' 

This  examination  was  made  between  the  28th  of  May  and  2d  of  June, 
partially  delayed  by  bad  weather,  during  which  time  upwards  of  six 
thousand  soundings  were  taken  with  a  rod  over  the  western  channel  5  the 
chart  of  the  soundings,  made  up  in  Detroit  at  the  office  of  the  lake  sur- 
vey, was  received  on  the  2l8t,  and  on  the  24th  I  reported  that  for  $30,000 
we  could  make  a  channel  between  sixty  and  eighty  feet  in  width  and  of 
the  necessary  depth,  depending  upon  the  price  we  should  have  to  pay 
for  dredging,  and  on  the  10th  of  July  I  was  notified  that  $30,000  had 
been  allotted  for  the  improvement  of  this  harbor. 

Since  the  close  of  the  fiscal  year,  on  which  I  am  reporting,  the  con- 
tract for  dredging  this  channel  has  been  let  to  Patrick  Smith,  of  Cleve- 
land, at  thirty-five  cents  per  cubic  yard,  a  reduction  of  ten  cents  per  cubic 
yard  below  the  price  paid  for  the  rest  of  the  dredging  at  this  harbor, 
and  seventeen  cents  below  the  price  bid  by  the  former  contractor  for 
this  same  work.  Three  dredges  are  constantly  at  work,  with  the  pros- 
pect of  completing  a  good  sixty-five-foot  channel  through  the  bay  this 
fall.    To  indicate  its.  position  I  have  had  its  line  marked  by  piles. 

There  has  been  expended  in  the  improvement  of  this  harbor  during 
the  past  year  $10,715  51. 

Balance  June  30,  1868 $13,015  01 

Expended  by  General  Cram 10,715  51 

Balance  June  30, 1869 2,299  50 


» 


Allotted  sineei $30,000  00 

Still  required  to  complete  the  western  channel  as  recom- 
mended   , -• 120,000  00 

Which  can  all  be  expended  in  the  present  year. 

Toledo  harbor  is  in  the  collection  district  of  Miami,  Toledo  being  a 
port  of  entry. 

Bevenue  from  customs  collected  here  during  the  fiscal 

year  ending  June  30,  1869 $86,520  79 

Number  of  vessels  entered  and  cleared  during  same  period  '  5,458 

Aggregate  tonnage 1,125,539 

Crews. , 43,790 

To  which  statement  the  collector  of  the  port  adds :  "If  the  sand-bar 
at  the  mouth  of  the  harbor  should  be  removed,  this  amount  would  in- 
crease many  fold,  inasmuch  as  at  present  no  vessel  can  enter  this 
harbor  at  the  ordinary  stage  of  water  which  draws  more  than  nine  feet. 
Many  of  the  propellers  coming  here  have  to  light  their  cargoes  to  enable 
them  to  enter,  while  others  are  deferred  from  coming  here  at  all.  In 
goiiig  out  they  cannot  take  full  cargoes  for  the  same  reason." 
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D2. 

Headquarters  Corps  of  Engineers, 

Washington,  D.  C,  January  27, 1869. 

.  General.  :  In  compliance  with  the  resolution  of  the  House  of  Repre- 
sentatives, dated  January  6,  1869,  I  forward  a  "  copy  of  the  report  of 
General  T.  J.  Cram,  of  the  Engineer  Department,  upon  the  examination 
and  suivey  for  a  ship  canal  on  the  prolongation  of  the  lower  reach  of 
the  Maumee  River  through  the  shoal  water  of  Maumee  Bay,  Ohio,  di- 
rectly to  deep  water  in  Lake  Erie,  with  x)lans  and  estimates  of  the  cost 
of  constructing  the  same." 

In  transmitting  this  report  I  beg  leave  to  state  that  the  projeet,  as  pre- 
sented by  General  Cram,  has  not  my  approval,  being  objectionable  both 
as  to  location  of  proposed  canal  and  as  to  plan  of  construction. 

I  am  of  opinion  that  the  depth  of  water  expected  to  be  secured  by  the 
construction  of  this  canal  not  only  will  not  be  maintained,  but  that  the 
work  itself  will  tend  to  seriously  impair  the  navigation  through  Mau- 
mee Bay,  and  the  present  outlet  of  Maumee  River. 

In  view  of  the  importance  of  this  work,  the  project  of  General  Cram 
was  submitted  to  a  board  of  officers  of  the  corps  of  engineers  of  special 
experience  in  lake-harbor  works,  who  were  instructed  to  •  •  "Take 
into  consideration  the  plan  submitted  by  Brevet  Major  General  Cram, 
dated  December  27, 18o8,  for  the  improvement  of  the  entrance  into  the 
Maumee  River,  and  in  so  doiog  consider  the  relative  advantages  of  con- 
tinuing the  present  plan  of  \^idening  and  deepening  the  track  vessels 
now  used  in  passing  through  Maumee  Bay,  and  that  of  a  nev.  cut  from 
deep  water  in  Maumee  River  to  deep  water  in  Lake  Erie. 

"If  such  a  cut  or  canal  is  deemed  feasible,  its  proper  direction,  its 
width,  and  the  protectipn  required  for  its  banks,  will  be  determined  as 
well  as  its  cost.  The  cost  of  executing  each  project  dilscussed  will  be 
submitted. 

"  The  board  will  determine,  as  a  preliminary  step  in  its  proceedings, 
what  increased  depth  of  entrance  is  required  at  this  harbor  for  the 
greater  economy  and  security  of  lake  navigation,  in  view  of  the  grow- 
ing wants  of  commerce. " 

The  report  of  the  board  is  transmitted  herewith.  I  concur  with  the 
board  in  its  deductions  and  conclusion,  "  that  the  improvement  of  this 
harbor  should  be  effected  by  dredging  the  main  or  western  channel,  ^ 
and  have  to  request  that  this  report  may  be  forwarded  to  the  House  of 
Representatives  with  the  special  report  called  for. 

General  Cram  estimates  the  cost  of  the  improvement  by  his  project, 
giving  13  feet  depth,  at  $886,526. 

The  board  estimate  the  cost  of  the  improvement,  using  the  western 
channel  and  giving  13  feet  depth,  at  $124,212. 
Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brigadier  General  of  Engineers  Commanding. 

Major  General  J.  M.  Schofield, 

Secretary  of  War^  War  Department, 
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Report  upon  the  examination  and  survey^  loith  plana  and  estimates^  of 
ths  cost  of  constructing  a  ship  canal  in  the  direction  of  the  prolongation 
of  the  lower  reach  of  the  Maumee  River ^irectly  across  the  shoalj  Mamnee 
Bapy  into  deep  water  of  Lake  Erie;  by  Brevet  Major  General  T,  J.  Cram^ 
colonel  corps  of  engineers^  in  accordance  with  authority  from  the  Chief  En- 

ginecTj  dated  September  1, 1868.  » 

». 

1.  REASONS  FOR  CONSTRUCTING  THIS  PROPOSED  SHIP  CANAL. 

In  my  annual  reports  of  1867-'68,  cogent  reasons  have  been  urged  for 
stopping  further  expenditures  ujion  the  plan  of  widening  the  vessel 
tracks  as  they  now  pass  through  the  bay,  and  deepening  them  to  12 
feet,  as  wIb  have  been  doing  the  pa«t  two  seasons,  under  the  appropria- 
tions of  186^'67,  amounting  to  $40,000. 

The  examination  and  survey,  continued  up  to  the  close  of  the  present 
dredging  season,  give  us  the  data  for  arriving  at  the  measure  of  the 
advantages  and  disadvantages  to  be  expected  from  continuing  the 
present  plan  of  improvement,  which  I  will  here  briefly  present: 

On  chart  A  I  have  located  this  improvement  by  the  red  dotted  lines 
Extending  from  buoy  Ko.  9— the  present  mouth  proper  of  the  river — to 
buoy  No.  7,  a  distance  of  IJ  mile,  in  wliich  we  have  dredged,  so  that, 
we  now  have  170  feet  width  and  12  feet  depth  of  channel  in  low  water 
of  the  season  of  navigation,  excluding  those  occasional  gales  from  the 
west,  when  the  water  is  blown  from  the  bay,  so  as  to  lower  it  by  3  to  4 
feet. 

The  total  amount  dredged  for  this  improvement  has  been  82,4G9  cubic 
yards,  including  dredging  away  the  troublesome  elbow  near  the  mouth, 
the  whole  costing  under  the  contract  $35,200  50. 

It  is  very  true  that  this  improvement  has  relieved  the  navigation  very 
much  of  the  difficulties  vessels  have  heretofore  ^countered  in  this  reach, 
so  much  that  none  have  been  reported  as  having  grounded  here  this 
season.  The  difficulties  now  are  further  out  on  both  vessel  tracks, 
where,  in  several  places,  the  shoalness  is  such  that  they  frequently 
grouna  in  adverse  winds,  at  the  angles  of  the  trackii,  mostly,  but  some- 
times even  in  the  straight  parts  of  the  courses.  These  groundings  be- 
came so  frequent  that  I  directed  the  inspector  of  dredging  to  keej)  a 
record  of  the  number  and  time  of  detention  of  all  that  should  come  under 
his  observation.  His  reiK)rt  has  been  rendered  and  shows  that  from  the 
15th  of  August  to  the  18th  of  November,  1868, 102  vessels  grounded, 
and  the  average  detention  for  each  was  13^  hours ;  some  were  detained 
as  long  as  48  hours.  These  detentions,  bear  in  mind,  occuired  in  only 
three  (3)  months  of  the  season  of  navigation.  It  is  difficult  ;to  estimate 
the  money  loss,  to  ship  and  freight  owners,  of  these  detentions. 

My  examinations  have  also  been  extended  to  the  questions  of  damage, 
lighterage  and  lights  required  by  reason  of  the  shoalness  of  the  water, 
and  the  angles,  or  crookedness,  of  these  vessel  tracks;  and  I  cannot  set 
their  aggregate  measure  in  cost  at  less  than  $25,000  per  season.  Others 
set  it  much  higher. 

To  estimate  the  cost  of  completing  the  improvement  by  the  mode  we 
have  been  pursuing  for  the  past  two  seasons,  by  dredging  these  tracks 
to  a  depth  of  12  and  width  of  200  feet,  I  take  as  a  basis  of  calculation 
the  cost  of  what  we  have  already  accomplished,  premising  that  for  each 
mile  as  we  should  go  further  out,  the  expense  of  dredging,  from  increased 
risk  of  the  dredges,  tugs,  and  scows  being  driven  away,  and  detention 
by  the  frequently  passing  vessels,  would  increase  in  the  ratio  of  20  per 
cent,  for  every  successive  mile  over  the  cost  of  the  preceding  mile. 
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Upon  the  foregoing  basis  I  make  the  cost  of  dredging  for  completing 

the  eastern  track. $423,386  00 

And  of  the  west  track 252,710  00 

And  of  completing  both  without  any  dikes 676,096  00 

.  Should  one  be  improved  without  the  other  there  would  be  times  when 
no  vessel  could  pass  in  or  out;  hence  discontent,  unless  both  should  be 
improved,  and  it  would  be  necessary  to  improve  both  if  we  expect  by 
this  plan  to  render  the  bay  a  fit  harbor  of  refuge  in  all  weather.  The 
east  channel  would  be  6,811  miles  long  between  the  river's  mouth  and 
lake,  and  the  west  4.943  miles  long.  And  after  dredging  them  to  this 
cost,  they  would  most  undoubtedly  fill  up  within  a  few  years ;  and  their 
angles,  or  crookedness,  at  all  times  would  be  serious  hinderances  to  the 
passage  of  vessels  under  strong  winds  from  almost  any  quarter. 

2.  PROPOSED  STRAIGHT  SHIP  CANAL. 

The  examination  and  surveys  which  have  been  especially  made  for 
this,  lead  us  to  a  location  for  the  canal  represented  in  fine  red  lines,  ex- 
tending from  13  feet  depth  of  water  in  the  lower  reach  of  the  Maumee 
Eiver,  as  seen  on  Chart  A.  This  chait  shows  the  soundings  made  twelve 
years  since.  Map  B  also  shows  the  location  of  the  canal,  and  the  sound- 
ings and  borings  made  in  September  and  October,  1868.  On  a  careful 
comparison  I  find  that  near  the  mouth  of  the  river  and  for  some  distance 
out,  there  has  been  a  filling  up  in  the  past'  twelve  years  for  at  least  18 
inches;  but  as  we  go  further  out,  and  especially  out  into  the  lake  beyond 
Korth  Cape  Point,  the  changes  have  not.  beta  so  great.  It  is  impossible 
to  compare  with  mathematical  nicety  the  soundings  of  our  recent  with 
those  of  the  former  survey — owing  to  the  bench  mark  of  Chart  A  not 
having  been  recovered;  it  has  been  lost,  as  mentioned  on  the  chart 
In  our  estimates,  therefore,  we  are  to  be  guided  not  by  Chart  A,  but  by 
Map  B,  whose* plan  of  reference  for  the  soundings  is  the  surface  of  the 
water  at  the  low  stage  during  the  season  of  navigation,  excluding  the 
extraordinary  fluctuations  already  referred  to.  Another  point:  Our 
examinations  clearly  show  that  without  much  greater  expense  the  new 
canal  cannot  be  made  with  more  than  13  feet  depth  of  water  below  this 
low  stage — which  has  been  fixed  and  marked  as  our  "standard  stage;" 
and  this  is  the  stage  designated  "surface  of  water"  in  the  drawings  ac- 
companying this  report. 

There  will  be  three  divisions  of  the  canal,  viz: 

1st  division — ^from  C,  which  we  have  permanently  located  in  mouth 
of  the  river,  to  D,  at  the  shore  line  of  the  cape  on  the  bay  side,  an  ex- 
tent of  4,720  yards. 

2d  division — ^from  D  across  the  ground  of  the  cape,  which  is  above 
water,  to  d'  at  the  lake  shore  line,  an  extent  of  360  yards. 

3d  division — ^from  d/  to  d",  which  is  a  point  in  13  feet  water  in  the 
lake,  an  extent  of  2,270  yards. 

Therefore,  from  13  feet  water  in  mouth  of  the  river  to  13  feet  water  in 
the  lake,  the  total  length  of  the  proposed  canal  will  be  7,360  yards,  or 
nearly  4^  statute  miles. 

The  mean  of  all  the  soundings  in  1st  division  is  8.12  feet. 

The  mean  rise  of  ground  above  water  in  2d  division  is  1.15  feet. 

The  mean  of  all  the  soundings  in  3d  division  is  8.518  feet. 
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CROSS  SECTION  OP  PROPOSED  CANAL. 

In  my  judgment,  for  the  present  and  for  some  years  to  come,  the 
wants  of  the  general  comn^erce  for  refage,  and  the  immediate  commerce 
of  Toledo,  would  be  amply  provided  for  by  making  the  canal  200  feet 
wide  at  bottom  and  260  feet  at  the  water  surface,  in  1st  division  |  and 
300  feet  wide  at  bottom  and  252  feet  at  water  surface,  in  2d  division; 
and  250  feet  wide  at  bottom  and  water  surface  in  3d  division. 

On  the  east,  or  bay  side  of  the  canal,  in  1st  division^  there  should  be 
constructed  of  wood,  with  the  earth  dredged  from  the  canal,  a  good  dike, 
or  revetment,  with  its  face  next  the  canal,  vertical — ^to  prevent  the 
heavy  bay  waves  coming  from  the  east,  from  breaching  through  the 
canal  bank  into  the  canal ;  on  the  land  side  such  a  revetment  would  not 
be  necessary.  The  canal  side  there  should  have  a  slope  and  berm;  the 
slopes  to  be  1  on  2.  This,  in  after  time  when  increased  commerce  will 
need  it,  would  allow  the  canal  to  be  widened  25  or  50  feet,  without  sac- 
rificing any  of  the  first  construction. 

On  both  sides  of  2d  division  there  should  be  slopes  of  1  on  2,  then  a 
berm  and  an  embankment;  there  would  be  no  necessity  of  revetments, 
or  defensive  dike  like  that  for  the  1st  division.       , 

On  both  sides  of  3d  division  parallel  piers  should  be  extended  out  at 
first  into  the  lake  only  to  10  feet  water,  having  a  width  of  250  feet  be- 
tween them.  This  would  be  for  the  outer  harbor  of  refuge,  and  a 
greater  width  I  think  unnecessary,  and  it  would  for  all  time  satisfy  the 
increasing  wants  of  the  commerce.  The  earth,  however,  must  be  exca- 
vated in  this  division  to  allow  the  cribs  of  the  piering  to  stand  in  13  feet 
water ;  and  that  excavated  from  between  the  piers  to  be  used  in  part  for 
filling  the  cribs  up  to  the  water  surface,  the  remainder  of  the  pier  filling 
to  be  of  rubble  stones,  and  the  remainder  of  the  earth  excavation  to  be 
thrown  over  back  of  the  piers  and  put  in  proper  shape.  Of  course,  the 
dredging  for  the  canal  is  to  be  extended  beyond  the  piers,  to  the  13  feet 
curve  in  the  lake. 

Sheet  C  shows  the  cross  sections  in  each  division  in  all  the  mathe- 
matical details  and  dimensions,  drawn  to  a  scale  and  with  an  ^^equaUza- 
tiou  of  excavation  and  embankment."  The  tops  of  the  banks  in  each 
division  are  to  be  6  feet  above  the  surface  of  the  water. 

The  excavation  in  1st  division  would  be. .  540,450  cubic  yards. 
The  excavation  in  2d  division  would  be. .  129,218  cubic  yards. 
The  excavation  in  3d  division  would  be..  347,012  cubic  yards. 

Total  excavation  for  the  canal  and  piers,  1,016,680  cubic  yards. 


The  embankments  for  the  2d  division  require  only  15,308  cubic  yards 
to  make  them ;  the  surplus  of  113,910  cubic  yards  is  to  be  brought  bqck 
to  help  make  the  west  embankment  of  1st  di\ision.  The  mean  distance 
this  surplus  will  have  to  be  moved  is  If  mile,  all  by  water. 

The  borings  at  six  different  places  along  the  line  of  the  location,  show 
that  the  material  to  be  dredged  is  just  what  contractors  desire  for  their 
machines  to  work  in^  ahd  that  it  is  of  very  easy  nature  for  dredging.  It 
is  also  good  for  driving  piles  into  and  holding  them  after  being  driven. 

The  design  for  the  wood  work  of  the  dike,  first  division,  is  shown 
in  all  necessary  details  in  sheet  D ;  it  is  essentially  the  same  as  that 
which  in  every  respect  has  proved  perfectly  successfdl  for  the  new  St. 
Olan  flats  improvement,  and  we  need  have  no  hesitation  in  adopting  it 
for  the  Maumee  construction.    Even  though  the  waves  should  wash 
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away  the  earthen  part  of  the  embankment  the  wood  work  would  remain 
intact  and  its  sheet  piling  would  prevent  the  earth  from  being  driven 
into  the  canal.  I  think  it  would  be  quite  sufficient  to  make  this  revet- 
ment for  an  extent  only  of  11,610  feet 

The  pier  work  in  third  division  I  would  only  at  first  extend  from  d' 
to  the  10-feet  curve — a  distance  of  1,300  yards — ^but  dredge  out  to  the 
13-feet  curve  as  before  stated,  waiting  to  see  whether  it  would  be  neces- 
sary afterward  to  extend  the  piers  further  out.  In  my  opinion  the 
power  of  the  outflow  of  this  river  through  such  a  channel  would  keep 
the  new  canal  clear  of  deposits  quite  out  beyond  the  13-feet  cune,  after 
dredging  out  to  that  depth,  without  prolonging  the  piers-.  The  force  of 
outflow  is  a  question  to  which  our  examination  and  survey  were  ex- 
tended, and  my  assistant,  Captain  G.  I.  Lydecker,  corps  of  engineers, 
presents  the  following  results  of  his  experiments  upon  this  subject : 

"  In  the  reach  chart  A  from  red  buoy  Ko.  6  to  black  buoy  liTo.  13,  a 
distance  of  1,300  yards,  he  found  the  surface  velocity  to  be  0.39  mile  per 
hour ;  and  by  a  float  extending  below  the  surface  0.20  mile  per  hour — a 
light  southwest  breeze  blowing  during  the  experiments." 

He  is  of  the  opinion  that  under  ordinary  "circumstances  the  current 
in  the  lower  i)art  of  the  river  is  mainly  if  not  wholly  due  to  the  winds. 
Thus  a  strong  northeast  wind  breaks  the  water  from  the  lake  and  bay 
up  the  river,  giving,  a«  long  as  it  lasts,  a  strong  current,  uprising  the 
water  in  the  bay  and  lower  reach  of  the  river  from  2  to  3  feet  abdve  its 
ordinary  level.  When  the  lull  comes  the  water  rushes  out  to  re-establish 
the  equilibrium  and  a  strong  down  current  results.  And,  mce  versa^  a 
strong  wind  from  the  southwest  produces  corresponding  but  opposite 
currents  to  those  mentioned  above  as  due  to  a  northeast  wind.  During 
the  day  and  night  previous  to  his  experiments  a  strong  southwest  wind 
had  prevailed  and  the  water  in  that  reach  and  bay  had  fallen  10 
inches. 

"But  in  freshets,  especially  those  of  spring-time,  the  outflow  is  very 
powerful,  notwithstanding  the  winds  from  the  quarters  mentioned,  and 
outward  currents  obtain  for  seven  to  ten  days.'' 

The  effect  of  these  in  clearing  the  canal,  if  pro]>erly  made  from  depos- 
its, would  undoubtedly  be  successful.  On  the  contrary,  such  an  effect 
can  never  be  hoped  for  in  a  division  of  the  force  of  this  outflow  between 
two  crooked  channels,  such  as  we  have  at  present  and  should  continue 
to  have  by  improving  ever  so  much  the  east  and  west  vessel  tracks. 
The  view  I  take  in  respect  to  filling  the  piers  of  the  third  division,  is  to 
fill  the  lower  parts  with  stone  ballast  for  a  height  of  three  feet,  thence 
to  the  water  surface  with  the  materials  we  dredge  from  the  water-way 
between  the  piers,  and  thence  four  feet  higher,  with. rubble  stone  to  the 
bottom  of  the  upper  timbers  of  the  superstructure.  The  cribs  should 
be  fastened  in  place  by  a  pile  driven  in  each  interior  corner.  The  effect 
of  which  I  know  from  my  own  experience,  when  the  piles  are  proi)erly 
driven,  would  be  to  keep  the  cribs  from  careening  while  they  settle.  In 
this  locality  the  borings  lead  to  the  belief  that  after  dredging  to  a  depth 
of  13  feet,  the  foundations  will  admit  of  close  bottoms  to  the  cribs. 
Should  it  be  found  otherwise  in  the  process  of  construction,  the  tight 
flooring  could  be  left  out  and  the  cribs  would  theh  have  a  single  grating 
bottom.    Sheet  E  shows  the  drawings  of  the  cribs  and  superstructure. 
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Approximate  estimate  of  the  cost  of  the  canal. 

Item  1.  Dredging  1,016,680  cubic  yards  earth  in  all  the 
divisions,  and  putting  the  same  into  dike  piers  and  banks, 
as  shown  by  the  drawings  on  sheet  C,  at  30  cents  per  cubic 
yard , $306,004  00 

Item  2.  11,610  running  feet  of  revetment  in  first  division, 
as  shown  on  sheet  D,  materials  at  $6  92,  and  labor  of  con- 
struction at  $4  12  per' running  foot  of  dike 12^,174  00 

Item  3.  7,800  running  feet  of  piering  in  third  division,  shown 
in  construction  on  sheet  E,  material  at  $35  91,  and  labor 
of  construction  at  $10  97  per  running  foot  of  piering 365,664  00 

798,842  00 
Contingencies,  including  services  "of  inspector  at  5  per  cent . .     39,942  00 
"  Creosoting''  all  the  wood  above  water  to  preserve  it  from 
decay — 311,610  cubic  feet,  at  15  cents  per  cubic  foot 46,742  00 

Total 885,526  00 


3.  OOMPAJfclSON  OF  METHODS  OF  IMPBOVEMENT. 

In  chapter  1  the  estimated  cost  of  dredging  out  the  present  west 
vessel  track  to  a  width  of  200,  and  a  depth  of  12  feet,  is  $252,710,  i-nd 
for  the  east  track  it  is  $423,386. 

Now,  if,  as  we  dredge  out  an  entire  new  channel  to  a  width  of  200  feet 
at  bottom,  and  to  a  depth  of  12  feet  along  the  straight  course  upon  which 
it  is  proposed  to  locate  the  canal,  throwing  the  dredged  earth  out  to  the 
right  and  left,  or  getting  rid  of  it  as  we  should  do  by  dredging  either  or 
both  of  the  present  tracks,  the  amount  of  dredging  in  all  three  of  the 
divisions,  from  12  feet  water  in  the  river  to  12  feet  water  in  the  lake, 
would  be  647,637  cubic  yards,  which,  at  30  cents,  would  cost  $194,291, 
being  less  by  $58,419  than  the  cost  of  the  west,  and  less  by  $229,095 
than  that  of  the  east  track.  The  total  length  of  the  straight  channel  to 
be  dredged  would  be  6,670  yards,  equivalent  to  about  3J  miles. 

Such  an  improvement  without  revetment  in  the  first,  and  without 
piers  in  the  third  division,  would  be  liable  to  fill,  notwithstanding  the 
outflowing  force,  but  not  so  liable  as  the  east  or  west  track  would  be ; 
and  the  straight  channel  would  afi;brd  much  better  ingress  and  egress  for 
vessels  than  either  or  both  of  the  present  tracks  coidd  offer,  if  dredged 
out  to  their  full  lengths. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

T.  J.  CEAM, 
Colonel  Engineers^  Brevet  Major  General. 

Brevet  Maj.  Gen.  A.  A.  Humphbeys, 

Brigadier  General^  Chief  of  Engineers  U,  8*  A. 
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D  2. 

Proceedings  of  a  board  of  engineers  convened  at  Washington^  D.  C,  in 

obedience  to  the  following  order : 

[Special  Orders  Ko.  2.— Extract] 

Headquarters  Corps  of  Eitoineers, 

Washingtonj  D,  C,  January  U,  1869. 

3.  A  board  of  engineers  for  the  consideration  of  the  improyement  of  the  entrance  to 
Toledo  Harbor,  Ohio,  consisting  of  the  following  named  ofiBcers  of  the  corps  of  engi- 
neers, namely :  Colonel  John  N.  Macomb,  brevet  colonel  United  States  Army  ;  Colonel 
James  H.  Simpson,  brevet  brigadier  general  United  States  Army ;  Lientenf^nt  Colonel 
Israel  C.  Woodruft,  brevet  brigadier  general  United  States  Army ;  Major  J.  B.  Wheeler, 
brevet  colonel  United  States  Army ;  Mtgor  Walter  McFarland,  brevet  m^jor  United 
States  Army,  will  assemble  in  the  city  of  Washington,  D.  C,  as  soon  as  possible  after 
the  receipt  of  this  order. 

By  command  of  Brigadier  General  Humphreys : 

THOS.  LINCOLN  CASEY, 
Major  of  Engineers  and  Brevet  (Lionel  United  States  Army. 

Saturday,  January  16, 1869—12.30  p.  m. 

The  members  having  met  in  pursuance  of  the  above  order — ^present, 
all  the  officers  therein  named — the  board  was  organized  by  the  reading 
by  the  senior  member.  Colonel  John  K  Macomb,  brevet  colonel  United 
States  Army,  president  of  the  board,  ex  officio^  of  the  order  of  assembly 
given  above,  and  at  once  proceeded  to  business. 

The  following  letter  of  instructions  from  the  Chief  of  Engineers  was 
laid  before  the  board  and  read  to  it : 

Headquarters  Corps  of  Engineers, 

WashingtoUj  D.  C,  January  16,  1869. 

Colonel  :  The  board  of  engineers  convened  in  pursuance  of  Special  Orders  No.  2, 
headquarters  corps  of  enpneei-s,  January  14, 1869,  for  the  consideration  of  the  improve- 
ment of  the  entrance  to  Toledo  Harbor,  Ohio,  will  take  into  consideration  the  plan  sub- 
mitted by  Brevet  Mug  or  General  Cram,  dated  December  27 y  1868,  for  the  improvement 
of  the  entrance  into  the  Mailmee  Kiver,  and  in  so  doing  consider  the  relative  advantages 
of  continuing  the  present  plan  of  widening  and  deei>euing  the  track  vessels  now  use 
in  passing  through  Mauruce  Bay,  and  that  of  a  new  cut  from  deep  water  in  Maumee 
River  to  deep  water  in  Lake  Erie. 

If  such  a  cut  or  canal  is  deemed  feasible,  its  proper  direction,  its  width,  and  the  pro- 
tection required  for.  its  banks,  will  be  defcerminpd  as  well  as  its  cost.  The  cost  of  execu- 
ting each  project  discussed  will  be  submitted. 

The  board  will  determine  a«  a  preliminary  step  in  its  proceedings  what  increased 
depth  of  entrance  is  required  at  this  harbor  for  the  greater  economy  and  security  of  lake 
navigation,  in  view  of  the  growing  wants  of  commerce. 

Brevet  Brigadier  General  I.  C.  Woodruff  will  be  instructed  to  pay  the  expenses  in- 
cnrred  by  the  board  of  engineers,  including  mileage  of  the  members  to  Washington 
and  returning  to  their  stations,  from  the  appropriation  for  examination  and  survey  on 
the  northwestern  lakes. 

Very  respectAilly,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brigadier  General  of  Engineers  Commanding, 

Colonel  J.  N.  Macomb,  Corps  of  Engineers, 

President  Board  of  Engineers^  Washington^  D.  C, 

The  original  "  plan  submitted  by  Brevet  Major  Greneral  Cram,  dated 
December  27, 1868,  for  the  improvement  of  the  entrance  int^  the  Maumee 
Eiver,''  was  then  laid  before  the  board,  read,  and  partly  discussed,  after 
which  the  board  adjourned  to  meet  on  Monday,  January  18, 1869,  at  ten 
o'clock  a.  m.,  at  the  same  place,  room  Ko.  18  Winder's  Building,  Wash- 
ington, D.  O. 

WALTER  McFARLANB, 
Major  of  Engineers^  Recorder  ex  officio. 
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Monday,  January  ISj  1869.  , 

The  board  met  pnrsnant  tOiadjonmment,  and  resumed  the  considera- 
tion of  4;he  scheme  of  improving  the  entrance  to  Toledo  Harbor,  Ohio, 
recommended  by  General  Oram. 

After  examining  the  lake  survey  charts  of  this  harbor,  showing  its 
condition  in  1844  and  1857,  and  comparing  the  soundings  given  thereon 
with  those  furnished  by  General  Oram ;  also  examining  the  records  of  the 
imports  and  exports  at  this  port  for  several  years  back,  the  board,  al^r 
further  discussion  of  the  various  features  of  the  scheme,  adjourned  at 
half-past  three,  to  meet  again  on  Tuesday,  January  19,  1869,  at  ten 
o'clock  a.  m.,  at  the  same  place. 

WALTER  McFARLAND, 
Major  of  Engineers^  Recorder  ex  officio. 

Tuesday,  January  19, 1869. 

The  board  met  at  the  time  and  place  appointed  j  resumed  the  inves- 
tigation of  the  matters  submitted  to  its  judgment,  and  at  two  o'clock 
p.  m.  adjourned  to  meet  at  ten  o'clock  a.  m.  on  the  succeeding  day  at 
the  same  place. 

'     WALTER  McFARLAND, 
Major  of  Engineers  and  Recorder  ex  offi>cio. 

m 

Wednesday,  January  20, 1869. 

The  board  met  at  the  hour  and  place  appointed,  and  resumed  the 
consideration  of  the  subjects  before  it;  and  after  deliberating  upon 
thepi  adjourned  at  half-past  three  o'clock  p.  m.  to  meet  the  succeeding 
day  at  the  usual  place  at  ten  o'clock  a.  m. 

WALTER  McFARLAKD, 
Major  of  Engineers  and  Recorder  ex  officio, 

Thuesday,  January  21, 1869. 

The  board  met  pursuant  to  adjournment  and  proceeded  to  the  com- 
pletion of  the  business  before  it. 

After  due  deliberation  the  board  submit  the  following  opinions  and 
recommendations  in  regard  to  the  improvement : 

OPINION,  ETC. 

The  board  is  of  the  opinion  that  the  depth  of  water  recommended  by 
General  Gram,  viz :  thirteen  (13)  feet  below  lowest  water  of  the  season 
of  navigation,  excluding  storm  tides  from  consideration,  is  sufficient  for 
the  present  and  prospective  wants  of  this  harbor,  as  indicated  by  the 
published  records  of  its  imports  and  exports. 

The  plan  of  a  straight  cut  or  canal,  as  proposed  by  General  Cram,  is, 
in  the  opinion  of  this  board,  very  defective  and  highly  objectionaole, 
both  as  to  location  of  the  cut,  in  the  details  of  its  construction,  and  in 
the  magnitude  of  its  cost.  v 

This  plan  contemplates  a  canal  with  embanked  and  partially  revetted 
sides,  four  and  one-tenth  (4^)  miles  long,  not  less  than  two  hundred 
(200)  feet  wide  at  the  bottom,  with  a  depth  of  thirteen  (13)  feet,  begin- 
ning near  a  point  marked  on  the  map  herewith  as  buoy  No.  9,  near  the 
mouth  of  the  Maumee  River,  and  extending  into  Lake  Ene  in  a  north- 
easterly direction  to  the  thirteen  (13)  feet  curve. 

The  estimated  cost  of  executing  this  project  is  $885,526. 

Li  locating  this  canal,  Creneral  Gram  appears  not  to  have  considered 
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the  flow  of  water  from  the  Ottawa  Eiver,  which  empties  into  Maumee 
Bay,  near  to  and  west  of  North  Cape  Point. 

Tliis  river  drains  between  three  hundred  and  four  hundred  square 
miles  of  country,  and  at  times  mast  pour  a  large  volume  of  water  into 
Maumee  Bay.    The  exact  quantity  of  this  flow  is  not  known. 

If  this  canal  proposed  by  General  Cram  be  built,  its  dikes  would 
form  a  dam  directly  across  the  natural  course  of  the  outflow  from  this 
river.  This  dam  or  obstruction  would  certainly  be  carried  away  unless 
made  stronger  than  proposed  in  the  plan  submitted;  and,  if  so  strength- 
ened as  not  to  be  carried  away,  would  deflect  the  waters  of  the  Ottawa 
from  their  natural  course,  and  cause  them  to  flow  around  the  inner  end 
of  the  canal.  This  current  meeting  the  current  of  the  Maumee  River, 
would  prevent  its  entrance  into  the  canal,  and  the  scour  through  the 
canal,  upon  which  General  Cram  lays  so  much  stress,  would  be  lost  and 
the  mouth  soon  fill  up. 

The  construction  of  this  canal  would  result  in  actual  injury  to  this 
harbor  as  one  of  refuge;  for  the  main  entrance  into  Maumee  Bay, 
called  the  main  or  west  channel,  immediately  west  of  Turtle  Island 
light,  is  nearly  half  a  mile  wide,  with  thirteen  (13)  feet  depth  of  water, 
and  affords  a  good  roadstead  for  vessels  seeking  shelter  here,  for  they 
are  protected  from  northeast  gales,  which  in  this  part  of  the  lake  are 
the  most  dangerous,  by  Turtle  Island  and  the  shoals  extending  to  the 
southward  and  eastward  of  it.  Vessels  seeking  shelter  from  westerly 
gales  may  anchor  with  safety  either  inside  or  outside  of  Maumee  Bay. 

These  advantages  as  a  natural  harbor  of  refuge,  which  Maumee  Bay 
now  offers,  would  be  endangered  by  the  construction  of  the  proposed 
canal,  supposing  a  current  to  pass  through  it  as  General  Cram  asserts 
it  would,  for  its  effect  would  be  to  cause  a  deposit  and  gradual  shoaling 
of  water  in  this  harbor  of  refuge. 

If,  however,  it  were  decided  to  construct  such  a  panal,  the  project  ot 
embanking  should  be  discarded,  and  its  sides  should  be  constructed  in 
such  a  manner  as  to  avoid  being  destroyed  by  the  wash  of  the  sea.  The 
parts  exposed  to  the  bay,  and  those  north  of  North  Cape  Point,  should 
be  composed  of  cribs  ballastM  with  stone. 

A  canal  constructed  in  this  manner  would  far  exceed  in  cost  the  esti- 
mate furnished  by  General  Cram. 

For  these  reasons  the  board  would  recommend  the  rejection  of  the 
plan. 

Before  passing  to  the  consideration  of  any  other  plan  of  improvement, 
the  board  desires  to  express  its  decided  disapproval  of  the  suggestion 
made  by  General  Cram  of  throwing  the  material,  as  dredged  &om  the 
bottom  of  the  cut,  into  the  cribs,  or  of  using  tight  bottoms  in  those 
cnbs. 

Neither  does  the  experience  of  the  board  confirm  the  assertion  of 
General  Cram,  that  piles  driven  in  the  corners  of  a  crib  filled  with  atone, 
keep  it  from  careening  while  settling ;  for  there  are  numerous  well  es- 
tablished instances  of  their  failure  to  do  so. 

General  Cram  lays  stress  upon  the  necessity  of  improving  the  east 
channel,  in  order  to  prevent  discontent,  and  estimates  the  cost  of  the 
improvement  at  $423,386. 

The  board  not  only  does  not  agree  with  him  as  to  the  necessity  of 
making  this  improvement,  but  is  decidedly  of  the  opinion  that  any  such 
attempt  at  improvement  would  probably  result  in  injury  to  the  harbor. 

General  Cram  estimates  the  cost  of  improving  the  main  channel,  or 
west  track,  as  he  calls  it,  $252,710,  for  a  width  of  two  hundred  (200)  feet 
and  a  depth  of  twelve  (12)  feet.  The  board,  however,  finds  that  to  give  the 


BEPORT  OF   CHIEF   OF   ENGINEESS.  127 

western  chan  nel,  from  the  deep  water  of  Maumee  Bi  ver  to  the  thirteen  (13) 
feet  curve  in  the  lake,  the  same  width  of  two  hundred  (200)  feet,  and  a  depth 
of  thirteen  (13)  feet  instead  of  twelve  (12)  feet,  would  require  the  excava- 
tion of  382,000  cubic  yards  of  material,  (throwing  out  of  consideration  the 
82,000  cubic  yards  which  General  Cram  reports  as  already  excavated,) 
which,  at  forty  (40)  cents  per  cubic  yard,  a  libe|al  estimate  compared  to 
current  rates,  would  amount  to  $152,800  5  ateduction  of  about  $100,000 
below  his  own  estimate. 

A  careful  comparison  of  the  surveys  of  this  harbor,  made  in  1844  and 
1857,  in  relation  to  the  soundii^  given  thereon,  and  those  furnished  by 
General  Cram,  shows  that  while  in  this  period  of  thirteen  (13)  years  there 
has  been,  as  was  to  be  expected^  a  slight  shoaling  on  the  banks,  the 
channel!*  thamselves  have  not  materially  changed ;  whence  it  is  inferred 
that  no  serious  filling  is  to  be  apprehended  if  the  waters  of  the  Maumee 
and  Ottawa  iv*e  permitted  to  flow  through  the  channels  which  they  have 
made  for  themselves — while  the  consequences  of  attempting  to  divert 
them  into  other  courses  can  only  be  known  by  trial,  and  experience 
shows  are  quite  apt  to  be  different  from  our  preconceived  notions  of 
them.  • 

It  is  the  opinion  of  the  board,  in  conchtsion,  then,  that  the  improve- 
ment of  this  hai'bor  should  be  effected  by  dredging  the  main  or  western 
channel ;  and  for  this  purpose  the  board  would  recommend  the  building 
of  first-class  dredging  machines,  to  be  worked  by  hired  labor. 

The  cost  of  the  machines  necessary  for  accomplishing  this  purpose  in 
the  be^t  and  most  economical  manner  would  be  as  follows,  viz : 

Three  dredging  machines,  at  $13,500  each $40, 500 

Six  dump-scows,  at  $1,250 7, 500 

One  flat  scow 600 

One  steam  tug... .   8, 000 


« 


Total ■ 56, 600 


These  three  machines  and  the  tug  could  be  operated  for  one  hundred 
dollars  ($100)  per  day. 

Ten  (10)  per  cent,  per  annum  on  their  original  cost  would  keep  them  in 
repair  and  in  working  order. 

They  would  dredge  in  the  aggregate,  at  the  lowest  estimate,  one  thou- 
sand (1,000)  cubic  yards  per  day,  and  would  therefore  accomplish  the  work 
required  of  them  under  the  least  favorable  conditions^  in  three  hundred 
and  eighty-two  (382)  working  days. 

The  entire  cost  of  the  improvement,  then,  would  be  as  follows,  viz : 

First  cost  of  machines $56, 600 

Repairs,  ten  per  cent,  per  annum  say  for  two  years 11, 320 

Cost  of  working  would  not  exceed 45, 000 

Total. . .    112,920 

Add  ten  per  cent,  for  contingencies 11, 292 

Aggregate  cost ^ 124, 212 


Thus,  for  two  years' interest  at  seven  percent,  on  the  amount  of  Gen- 
eral Cram's  estimate,  the  entire  work  could  be  completed,  and  the  Uni- 
ted States  would  at  the  dose  be  in  possession  of  $56,600  worth  of 
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machines,  which  could  be  applied  to  the  keeping  open  the  channels  here 
and  elsewhere  on  the  lakes,  if  necessary. 

Even  were  it  necessary  to  work  these  machines  annually  in  order  to 
keep  this  channel  open — which,  from  the  almost  unchangeable  nature  of 
this  bay,  it  is  quite  certain  would  not  be  the  case — the  annual  cost  of 
running  them  and  keeping  them  in  repair  would  be  but  a  trifling  part  of 
the  yearly  interest  on  tne  excess  of  the  amount  of  General  Cram's  esti- 
mate over  the  original  cost  of  these  machines. 

AU  of  which  is  respectfully  submitted. 


fJS^.  MACOMB, 


Col.  ojJSng^r^y  BvU  CoL  U.  8.  Army. 
J.  N.  SIMPSOl^, 
CoL  of  Bn^r§.  Bvt  Brig.  Gen.  TJ.  8.  Army. 
I.  C.  WOODRUFF, 
Lieut  Col.  of  En^rg^  Bvt  Brig.  General. 
J.  B.  WHEELBB," 
Major  of  Engineers  and  Brevet  Colonel. 
WALTER  MoFARLAND, 
Major  of  En^rs  and  Bvt  Maj.  U.  8.  Army. 

There  being  no  other  business  before  it,  the  board  adjourned  »ine  dier 

J.  K.  MACOMB, 
CoL  of  Eng^rsy  Bvt  CoL  U.  8.  Army. 
Waltbb  MoFABLAim, 

Major  of  Eng^rs  and  Bvt  Maj.  U.  8.  A.,  Recorder. 


United  States  Engiis^ee  Office, 

Erie,  Pennsylvaniay  May  6, 1869. 

Oenebai.:  In  my  recent  trip  to  Toledo  and  Mstumee.  Bay,  made  in 
conformity  with  the  instructions  of  Special  Order  No.  34,  Headquaiters 
Corps  of  Engineers,  dated  Washington,  D.  C,  April  26, 1869, 1  met  many 
prominent  merchants,  ship-owners,  and  others  interested  in  the  welfare 
of  the  city  and  its  harbor,  and  anxious  to  ascertain  what  was  to  be  done 
for  them  out  of  the  recent  general  appropriation  for  river  and  harbor 
improvement. 

In  company  with  a  delegation  of  these  gentlemen,  I  examined,  as  well 
as  my  limited  time  would  permit,  the  channel  through  the  bay  and  its 
surroundings ;  and  the  result  of  that  examination  was  simply  to  confirm 
me  in  the  conclusions  reached  by  the  board  of  engineers  of  which  I  was 
a  member,  convened  in  January  last,  ^^for  the  consideration  of  the  im- 
provement of  the  entrance  to  Toledo  Harbor,  Ohio.'' 

In  respect  to  the  growth  and  progress  of  the  city,  however,  and  the 
value  of  its  commerce,  upon  which  it  is  presumed  the  amount  of  the 
allotment  to  be  made  for  the  improvement  of  its  harbor  must  depend, 
an  erroneous  impression  has  prevailed,  due  to  a  table  contained  in  the 
^^ Toledo  Blade's  annual  statement  of  the  trade  and  commerce  of  Toledo" 
— ^which  shows  a  marked  and  constp.nt  decrease  in  the  grain  trade  of  the 
city  from  1862  to  1866— which  decrease  was  attributed  to  the  diversion 
'into  other  channels  of  a  portion  of  the  grain  trade,  upon  which  the  pros- 
perity of  Toledo  largely  depends.  This,  it  is  admitted,  is  partly  true; 
owing  to  the  opening  of  the  Mississippi  and  the  demands  of  the  southern 
markets,  which  had  been  closed  in  the  earlier  years  of  the  war;  but  it  is 
claimed  that  all  the  lake  cities  suffered  similarly,  and  that  Toledo  suf- 
fered less  than  the  others  relatively.    The  loss  of  the  wheat  crop  in  the 
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Wabash,  valley  in  186o-'66,  was  a  severe  "blow  to  tbe  city,  keeping  its 
trade  below  even  what  it  had  been  in  the  four  preceding  years;  but  from 
all  this  the  city  is  rapidly  recovering,  as  is  shown  by  the  fact  that  its 
receipts,  which  from  11,674,120  bushels  of  grain,  1,383,889  barrels  of  flour 
in  1861,  had  fallen  to  7,914,800  bushels  of  grain,  736,207  barrels  of  flour 
in  1866,  have  grown  again  to  11,280,575  bushels  of  grain,  868,524  barrels 
of  flour,  in  1868.  These  figures  are  taken  from  the  last  published  report 
on  the  trade  and  commerce  of  the  city. 

In  respect  to  population  the  city's  growth  has  been  remarkably 
rapid.  In  1860,  the  population  was  12,800;  in  1865,  24,400;  in  1867, 
31,651;  and  in  1868,  between  35,000  and  36,000  are  claimed,  and  the 
claim  seems  to  be  sustained  by  the  fact  that  5,600  votes  were  polled  at 
the  last  election.  In  1867,  over  1,300  dwelling  houses  were  erected.  In 
1868,  over  1,500,  and  nearly  all  are  occupied. 

Judging  from  these  facts  and  from  the  active  spirit  everywhere  mani- 
fested by  the  inhabitants,  as  shown  by  the  improvements  in  progress  all 
over  the  city,  I  think  that  Toledo  must  be  regarded  as  one  of  the  most 
rapidly  growing  of  our  many  growing  western  cities. 

The  greatest  obstruction  to  its  progress  is  to  be  found  in  the  insuffi- 
cient depth  of  water  in  the  channels  through  Maumee  Bay,  which  causes 
frequent  groundings  of  heavily  laden  vessels  entering  and  departing, 
and  of  course  long  delays  and  useless  expense.  While  examining  the 
bay  on  Monday  last,  two  large  steamers,  here  at  the  very  commence- 
ment of  navigation,  ran  aground  and  were  being  lightered.  Of  course 
the  annoyance,  inconvenience,  and  loss  of  money  consequent  upon  this, 
injuriously  affects  the  interests  of  the  city,  by  keeping  many  vessels  and 
traders  away,  and  yet  in  spite  of  these  obstacles  the  place  grows. 

To  put  the  entrance  to  this  harbor  into  proper  condition,  I  think  the 
method  of  improvement  recommended  by  the  board  of  engineers  above 
referred  to  should  be  carried  out. 

The  estimate  for  improving  the  western  channel  was,  if  done  by  gov- 
ernment machines,  including  their  cost,  $124,212;  if  done  by  contract,  at 
forty  (40)  cents  per  cubic  yard,  $152,800. 

It  is  possible  that  on  account  of  the  exposed  position  of  the  channel 
to  be  dredged,  extending  from  the  Black  can-buoy,  where  General  Cram 
left  off  dredging,  to  near  Turtle  Island  light,  a  distance  of  three  and  a 
half  (3 J)  miles,  and  the  delays  to  which  the  machines  would  probably  be 
subject  by  reason  of  rough  weather,  these  estimates  may  be  too  low, 
and  I  think  that  not  less  than  $150,000  should  be  appropriated  or  allot- 
ted for  this  purpose;  that  is,  to  give  a  channel  two  hundred  (200)  feet  in 
width.  From  the  nature  of  the  bottom,  too,  which  is  nearly  level 
throughout  this  whole  distance,  no  relief  can  be  given  to  the  commerce 
of  the  place  except  by  dredging  this  channel  deeper  over  its  entire 
length,  and  for  a  width  of  not  less  than  one  hundred  (100)  feet ;  the  cost 
of  which  would  not  fall  short  of  $75,000  or  $80,000,  and  if  this  amount 
can  be  allotted  to  Toledo,  I  think  it  should  be  done.  Ko  smaller  amount 
will  be  of  much  avail. 

The  anxiety  of  the  citizens  to  have  something  determined  in  respect 
to  their  harbor  has  induced  me  to  make  this  report,  though,  under  cir- 
cular of  April  5,  from  your  office,  the  matter  properly  came  within  the 
province  of  General  Cram. 

Very  respectfully,  your  obedient  servant, 

WALTEB  McFARLAND, 

Majiyr  of  Engineers. 

Brevet  Maj,  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  Washington^  D.  0. 
9 
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D  3. 

Report  of  operations  in  the  improvement  of  Sandusky  River ^  Ohio^for  the 

year  ending  June  30, 1869. 

Upon  an  examination  of  tbis  river  in  April,  after  the  charge  of  its 
improvement  had  been  devolved  upon  me,  it  was  found  that  the  chief 
im])edimeuts  to  its  navigation  were  at  the  ftrst  shoal  place  below 
WhitAcie  bar,  referred  to  in  General  Cram's  report  upon  this  river  as 
secondary  place  No.  2,  at  Squaw  Island,  and  at  the  mouth  of  the  river. 
1  accordingly  directed  that  the  first  and  second  points  mentioned  should 
be  diedged  to  the  width  of  sixty  feet  and  two  feet  below  the  bottom, 
and  that  the  balance  of  the  appropriation  should  then  be  applied  to  the 
improvement  of  the  bar  at  the  mouth  of  the  river;  which  was  accord- 
ingly done,  affording  considerable  relief  to  the  vessels  navigating  the 
river.  In  this  operation  13,704  cubic  yards  of  material  were  removed, 
13,649  cubic  yards  having  been  previously  removed  under  General 
Cram's  orders  from  Whitacie  bar  and  from  the  bar  at  the  mouth  of  the 
river.  This  gives  a  good  eight  foot  channel  from  Fremont  to  the  mouth 
of  the  river,  and  entirely  exhausts  the  appropriation. 

The  estimated  cost  of  making  this  a  twelve-foot  channel  was  $35,000. 
Until  there  is  a  good  twelve-foot  channel  through  Sandusky  Bay,  which 
is  not  now  the  case,  it  would  be  useless  to  give  twelve  feet  depth  in 
Sandusky  River.  But  $20,000  could  be  well  expended  here  in  widening 
the  present  sixty -foot  channels  and  deepening  them  so  as  to  admit  of 
the  passage  of  the  heaviest  vessels  that  can  navigate  Sandusky  Bay. 

Balance  June  30, 1868 $8,340  21 

Expended  by  General  Cram $4, 084  77 

Expended  by  Major  McFarlaud 3, 906  00 

7,990  77 

^      Balance  June  30, 1869 349  44 


3 


D  4. 

Report  of  operations  in  the  improvement  of  Sandushy  City  Harhor^for  the 

year  ending  June  30,  1869. 

Since  the  close  of  the  last  fiscal  year,  17,685  cubic  yards  of  sand  have 
been  removed  from  the  outer  bar,  and  when  carefully  examined  in  June 
last,  the  channel  was  found  to  be  240  feet  in  breadth  with  over  twelve 
feet  depth  of  water  pn  it  except  in  two  places  on  the  south  side  of  the 
cut,  one  60  feet  by  100  feet,  the  other  100  feet  by  200  feet,  the  smaller 
dimensions  running  crosswise  to  the  channel,  on  which  the  water  is  but 
eleven  and  a  half  feet  in  depth.  It  is  probable  that  these  spots  were 
never  cut  out  to  the  proper  depth. 

It  will  be  remembered  that  the  original  design  was  to  dredge  this 
channel  to  400  feet  width.  I  learned,  however,  upon  making  my  first 
examination  of  this  harbor  in  April  last,  that  there  was  more  water  on 
the  outer  bar  than  there  was  just  inside  the  harbor,  and  that  the  mer- 
chants and  ship-masters  of  Sandusky  City  were  desirous  of  having  the 
balance  of  the  appropriation  for  the  improvement  of  this  harbor,  applied 
exclusively  towards  deepening  the  channel  over  this  inner  bar,  being 
perfectly  satisfied  with  the  condition  of  the  outer  channel. 

I  accordingly  recommended  that  this  balance  should  be  so  applied,  which 
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recommendation,  upon  the  evidence  furnished  by  long  and  careful  sur- 
veys extending  into  July,  was  approved  by  the  Chief  of  Engineers,  July 
29.  The  work  was  accordingly  advertised,  bids  opened  August  30,  to 
which  lime  a  recent  order  of  the  War  Department  compelled  us  to  put 
off*  their  examination,  and  the  dredging  was  let  to  Patrick  Smith,  of 
Cleveland,  at  thirty-three  and  a  half  cents  per  cubic  yard,  a  reduction  of 
forty-one  and  a  half  cents  on  the  price  paid  for  dredging  on  the  outer 
bar  and  an  advance  of  six  and  a  half  cents  on  the  price  paid  for 
dredging  in  Sandusky  Eiver. 

The  work  will  be  begun  this  fall  and  carried  as  far  as  the  weather  will 
permit.  The  price  at  which  the  contract  is  let  is  so  much  lower  than 
the  rates  which  have  ordinarily  been  paid,  and  by  which  I  had  made  my 
estimates,  that  I  find  we  shall  be  able  to  make  the  channel  one  hundred 
and  fifty  feet  wide,  instead  of  one  hundred,  which  was  all  I  hoped  for. 

It  should,  however,  be  widened  still  another  hundred  feet,  the  cost  of 
which  may  be  estimated  at  $10,000. 

Balance  on  hand  June  30,  1868 $24,353  76 

Expended  by  General  Cram $13, 894  90 

Expended  by  Major  McFarland. 93  80 

13,988  70 

Balance  June  30, 1869 10, 365  06 

all  ot  which  will  be  expended  in  the  deepening  of  the  channel  over  the 
inner  bar  during  the  present  year.  Still  needed  tor  this  purpose,  $10,000. 
This  will  complete  the  improvement  of  this  harbor  for  twelve  feet  depth 
of  water,  though  probably  it  will  be  necessary  periodically  to  remove 
deposits  from  both  channels,  the  cost  of  which  has  been  estimated  at 
$2,500  annually. 

Sandusky  Harbor  is  in  the  collection  district  of  Sandusky,  Ohio,  San- 
dusky City  being  the  port  of  entry.  During  the  year  ending  June  30, 
1869,  there  had  been  collected  from  customs  a  revenue  of  $9,792. 
Number  of  vessels  which  had  entered  and  cleared,  foreign,  191  j  coast- 
wise, 5,487. 


D  5. 

Report  of  operations  in  the  improvement  of  Huron  Harhor^  Ohio^  for  the 

year  ending  June  30,  1869. 

This  improvement  was  under  charge  of  Brevet  Major  General  T.  J. 
Cram,  colonel  of  engineers,  until  April  12,  1869,  when  it  was  placed  in 
charge  of  Major  Walter  McFarland,  of  the  same  corps. 

Nothing  has  been  done  in  the  improvement  of  this  harbor  during  the 
past  fiscal  year ;  since  its  close,  howev^er,  estimates  of  the  cost  of  neces- 
sary repairs  in  both  piers  have  been  made,  advertised,  and  the  work  let, 
to  be  completed  this  fall. 

Balance  June  30, 1868 $13,774  31 

Expended  by  General  Cram 200  95 

Available  June  30, 1869 13,573  36 

Probable  cost  of  rQpairs  to  be  made  this  fall 2, 5oO  00 

Leaving 11,073  36 

to  be  applied  to  further  repairs  as  the  necessity  for  them  arises,  which 
will  not  probably  amount  to  more  than  $1,500  per  year. 


132  SEPORT  OF  CHIEF  OF  ENGINEERS. 

No  fnrther  appropriation  is  asked.  Huron  Harbor  is  in  the  collec- 
tion district  of  Sandusky — Sandusky  City,  Ohio,  being  the  nearest  iK>rt 
of  entry.  Bevenue .  collected  for  the  year  $37.  Number  of  vessels 
entered  and  cleared,  coastwise,  103. 


D6. 

Report  of  operations  in  the  improvement  of  Vermilion  Harbor^  Ohio^  for 

the  year  ending  June  30, 1869. 

This  improvement  was  under  the  charge  of  Brevet  Major  General  T. 
J.  Gram,  colonel  of  engineers,  until  April  12, 1869,  since  which  time  it 
has  been  under  charge  of  Mjyor  Walter  McFarland,  same  corps. 

Nothing  has  been  done  here  since  the  close  of  the  last  fiscal  year,  the 
piers  being  in  very  good  condition,  and  giving  no  indications  of  needing 
forther  repairs  very  soon. 

The  appropriations  and  allotments  for  this  work  are  exhausted,  and 
there  is  no  immediate  necessity  for  any  others.  Probable  annual  cost 
of  keeping  the  piers  in  repair  $1,000. 

Vermilion  is  in  the  collection  district  of  Sandusky — Sandusky  City 
being  the  nearest  port  of  entry.  Revenue  collected  from  customs  for 
the  year  ending  June  30, 1869,  $82.  Kumber  of  vessels  entered  and 
cleared,  coastwise,  191. 


B  7. 

Beport  of  operations  in  the  improvement  of  Black  River  Harbor^  Ohio^for 

the  year  ending  June  30, 1869. 

This  improvement  was  in  charge  of  Brevet  Major  General  T.  J.  Cram, 
corps  of  engineers,  up  to  and  including  April  12,  1869;  after  which  it 
was  in  charge  of  Major  Walter  McP^arland,  of  the  same  corps. 

As  in  the  preceding  year  nothing  has  been  done  here,  the  harbor 
being  in  sufliciently  good  condition. 

Since  the  close  of  the  year,  however,  slight  repairs  to  the  west  pier 
have  been  found  necessary,  estimates  made,  the  work  advertised  and 
let,  and  it  will  be  completed  probably  by  the  end  of  October. 

It  is  reported  that  there  is  twelve  feet  water  on  the  bar;  and  allow- 
ing one  foot  and  a  half  for  the  usual  height  of  the  lake,  we  should  have 
water  enough  for  vessels  drawing  ten  feet ;  while,  according  to  General 
Gram's  report  of  last  winter,  there  was  only  depth  enough  to  allow  ves- 
sels drawing  eight  feet  to  pass. 

BaJance  on  hand  June  30, 1868,  being  the  entire  appro- 
priation of  1866 $10, 000  00 

Expended  (office) 24  58 

AvaUable  June  30, 1869 9, 975  42 

Probable  cost  of  repairs  to  be  done  this  fall 1, 500  00 

Leaving  forfuture  repairs 8, 475  42 

No  further  appropriation  is  needed. 
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Black  River  Harbor  is  in  the  collection  district  of  Onya- 

hoga,  Ohio,  and  the  year  ending  Jane  30, 1868,  there 

was  collected  here  from  customs $62  50  currency. 

Port  of  Black  River 22  00  coin. 


84  50 


iNTo  statistics  are  given  for  the  year  just  passed,  for  the  reasons  stated 
in  my  annual  report  on  Gonneaut  Harbor,  Ohio. 


D  8. 

Report  of  operations  in  the  improvement  of  Cleveland  Harbor^  Ohiojfor  the 

year  endi^ig  June  30, 1869. 

The  west  pier,  which  at  the  close  of  the  last  fiscal  year  had  been  ex- 
tended lour  hundred  and  fifty  feet,  has  been  extended  iifty  feet  further, 
and  completed. 

The  east  pier  had  been  extended  three  hundred  and  eighty-five  feet 
by  the  beginning  of  December  last,  when  the  setting  in  of  winter 
brought  our  operations  to  a  close. 

By  the  end  of  June  this  pier  had  been  extended  to  something  over 
four  hundred  feet  beyond  the  end  of  the  beacon  pier,  and  by  the  close 
of  Septemb^  it  will  be  completed  throughout  its  entire  length  of  five 
hundred  and  seventy-five  feet. 

These  extensions,  it  will  be  recollected,  consist  of  the  pile  pier  de- 
signed or  claimed  by  General  T.  J.  Cram,  and  for  which  mode  of  con- 
struction he  claimed  a  great  saving  in  cost  over  the  old  method  of  crib 
construction,  which  has  been  employed  on  the  lakes  for  the  last  forty  or 
fifty  years. 

This  method  of  construction,  being  an  experiment  only,  was  author- 
ized by  the  Engineer  Department  only  on  the  score  of  the  great  economy 
claimed  for  it,  and  then  only  for  situations  where  the  existence  of  a  clay 
substratum  furnished  rea49onable  ground  for  expecting  that  the  piles, 
which  constitute  the  chief  feature  of  this  system,  would  retain  their 
places  after  being  driven. 

I  now  propose  to  show  that  this 'system  is  neither  as  strong  nor  as 
durable  as  the  system  of  crib  construction  ^  that  it  is  almost  impossible 
to  repair  any  injury  to  the  under- water  portions,  except  by  clumsy 
patchwork ;  and,  from  evidence  that  cannot  be  disputed,  that  the  coi^ 
is  actually  greater  than  that  of  an  equal  amount  of  crib-wOrk. 

It  is  not  as  strong  as  the  crib  construction  because  in  twelve  fe«t 
depth  of  water  the  points  of  bearing  of  the  piles,  supposing  the  sand  at 
one  extremity  and  the  sill  and  binder  at  the  other  may  offer  resistance 
enough  to  entitle  them  to  be  called  points  of  bearing,  are  eleven  and  a 
half  feet  apart,  while  in  the  crib  construction  the  ties  which  bind  the 
side  timbers  together,  thus  constituting  x)oints  of  support,  are  but  ten 
feet  from  center  to  center.  The  piles,  again,  are  independent  of  each 
other,  while  the  side  timbers  of  the  cribs  are  bolted  to  each  other  at  about 
every  two  feet  of  their  length,  so  that  each  receives  direct  support  from 
the  first  and  second  timbers  both  above  and  below  it,  and  indirect  sup- 
port from  all  the  others. 

The  center  of  pressure  being  at  the  same  distance  beneath  the  surface 
in  both  cases,  (taking  the  average  in  case  of  the  timbers,)  we  have,  in 
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order  to  resist  the  cross  strain,  in  one  case,  a  round  12-inch  pile  with 
points  of  support  eleven  and  a  half  feet  apart,  and  in  the  other  case,  a 
square  12-inch  timber  with  points  of  support  at  the  ends  ten  feet  apart, 
and  at  every  two  feet  along  ea<5h  side. 

To  suppose  any  greater  depth  of  water,  or  to  take  the  clay  into  which 
the  piles  penetrate  instead  of  the  sand  as  the  lower  point  of  support, 
makes  the  case  still  worse  for  the  piles. 

But,  again,  the  points  of  support  in  the  crib  construction  are  firm  and 
unalterable,  the  resistance  which  they  offer  being  due  to  the  tensile 
strength  of  the  ties ;  while  in  the  pile  pier,  as  designed  for  Cleveland, 
the  point  of  support  at  the  lower  end  is  sand,  and  at  the  upper  end  two 
timbers,  a  sill,  and  binder,  the  former  6  by  12  inches,  and  the  latter  4  by 
8  inches,  each  placed  with  its  smaller  dimension  in  the  direction  of  the 
cross  strain  which  it  is  intended  to  resist,  and  fastened  at  every  five 
feet  by  a  bolt  passing  through  the  longer  dimension  of  the  sill  into  the 
lower  timber  of  the  sui>erstructure,  which,  being  between  the  high  and 
low  water  levels,  is  subject  to  wet  rot. 

Against  the  impact  of  a  vessel  it  offers  nothing  like  the  resistance  of 
the  crib  construction ;  for,  the  resistance  of  the  superstructure  and  of  the 
stone  filling  being  the  same  in  both  cases,  we  have  in  addition,  in  one 
case,  the  resistance  of  only  one  or  two  piles,  while  in  .the  othex  we  have 
every  timber  of  the  supersti-ucture  lending  its  aid  to  resist  the  cross 
strain  to  which  they  are  subjected. 

All  this  is  supx)osing  that  the  pier  can  be  constructed  just  as  it  was 
designed ;  but  at  Cleveland,  at  least,  this  cannot  be  done.  It  is  found 
to  be  simply  impossible  to  drive  the  piles  either  in  contact  or  in  the  same 
vertical  plane.  The  consequence  of  the  former  is  that  openings  occur  at 
the  bottom,  through  which  the  stone  filling  leaks  out,  and  which  it  is 
not  easy  to  close. 

In  the  latter  case,  the  contractors  at  Cleveland  have  been  compelled 
to  employ  jack-screws,  and  even  a  tug,  in  order  to  haul  the  piles  into 
line,  so  that  the  sUls  and  binders  could  be  placed ;  and  on  several  occa- 
sions, the  spring  of  the  piles,  when  released,  has  been  sufficient  to  snap 
both  sill  and  binder,  and  the  process  has  had  to  be  gone  over  again,  and 
the  binder  strengthened  by  the  bolting  on  of  a  long  and  heavy  piece  of 
oak. 

It  is  ea«y  to  see  what  the  effect  of  this,  added  to  the  inside  pressure  of 
the  stone  filling,  would  be,  in  case  of  accident  to  or  rot  in  the  sill  of 
lower  timber  of  the  superstructure;  and  I  have  accordingly  endeavored 
to  provide  in  some  measure  against  it  by  introducing  iron-tie  rods  with 
heads,  nuts,  and  washers  at  every  ten  feet  of  the  structure  and  just  be- 
low the  water  level. 

In  my  last  annual  report  I  mentioned  that  ^^  an  entrance  through  this 
piling  being  once  effected  by  the  sea  renders  the  tchols  structure  inse- 
cure ;  but  a  similar  entrance  being  effected  in  a  pier,  constructed  as  or- 
dinarily with  cribs,  hurts  that  crib  only  which  it  has  entered,  and  which 
may  be  entirely  replaced  without  affecting  the  stability  or  safety  of  the 
remaining  cribs."  I  may  add,  that  while  with  such  an  injury  to  the 
pile  pier  immediate  repairs  would  be  necessary  to  prevent  greater  exten- 
sion of  the  damage — repairs  which  it  would' not  always  be  possible  to  make 
immediately — a  similar  injury  to  a  crib  construction  might  be  allowed 
to  run  for  some  time  without  endangering  the  remainder  of  the  pier. 

To  avoid  this  danger  as  much  as  possible,  I  have  had  cross  walls  or 
bulkheads  of  piles,  at  intervals  of  thirty  feet,  put  in  that  portion  of  the 
work  constructed  since  last  winter ;  which  modification,  I  understand, 
has  since  been  employed  in  some  of  the  harbor  works  on  Lake  Michigan. 
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Lastly,  the  wash  of  the  sea  through  the  openings  left  by  the  natural 
taper  of  the  piles,  removes  the  sand  from  the  inside  and  causes  a  settle- 
ment of  the  stone  filling,  which  has  to  be  replaced,  adding  materially 
to  the  cost  of  the  pier ;  this,  in  the  west  pier  at  Cleveland,  half  6f  which 
was  constructed  when  I  took  charge  of  it,  and  under  General  Cram's 
Immediate  supervision,  amounts  to  four  feet,  the  filling  having  settled 
below  the  level  of  the  sills  and  binders.  This  might  be  remedied  by 
riprapping  or  the  use  of  brush ;  but  perhaps  it  is  better  to  let  it  settle, 
and  then  to  refill  it. 

As  to  repairs  of  the  piling,  they  must  consist  of  outside  patching,  or 
the  removaLof  the  stone  filling  and  inside  patching,  or  the  removal  of 
the  entire  superstructure  above  the  opening  in  order  that  the  piles  may 
be  driven  in  place.  Either  of  the  former  methods  would  g^ve  a  very 
awkward  appearance  to  the  pier,  and  the  latter  would  be  very  expensive. 

I  now  approach  the  subject  of  cost,  and  as  indisputable  facts  are  es- 
pecially necessary  here,  I  am  fortunate  in  being  able  to  give  them  to 
you  as  furnished  by  General  Cram's  scheme  of  a  pile  pier  for  Cleveland 
Harbor,  and  his  scheme  of  a  crib  construction  for  Grand  Eiver  Harbor, 
both  of  which  works  were  executed  by  the  same  contra<5tors.  The  prices 
are  taken  from  his  Cleveland  contracts  for  the  pile  pier  entered  into  be- 
tween the  6th  and  15th  days  of  October,  1866,  inclusive,  for  iron,  piles, 
labor,  stone,  and  lumber;  the  quantities  are  taken  from  his  plans  and 
the  bills. 

As  the  superstructure  is  the  same  in  both,  its  consideration  is  omitted ; 
and  as  the  cribs  are  usually  thirty  feet  in  length,  I  compare  with  the 
cost  of  one  of  these  the  cost  of  thirty  feet  of  the  pile  pier,  both  being 
brought  up  to  the  water  level.  Any  increase  in  the  length  of  the  crib 
will  of  course  show  a  more  favorable  result  for  that  mode  of  construc- 
tion. 

Cost  of  materials. 


PILE  PIER— SUBSTRUCTURE. 


48  15-inch  piles,  at  |3  92 fldS  16 

60  lineal  feet,  6  by  12  inches,  at 

20  cents  per  lineal  foot 12  00 

60  lineal  feet,  4  by  8  inches,  at 

10  cents  per  lineal  foot 6  00 

206  16 


FILE  PIER. 


12  iron  bolts,  with  nuts,  screws, 
heads,  and  washers,  9.76  ponnds 
each,  per  bid,  at  7  cents  per 
pound,  117.12  pounds 


8  19 


214  35 


CRIB  PIER— SUBSTRUCTURE. 

Lineal  feet 
24  pieces  30  feet  by  12  by  ^ 

12  inches 720     g.„.^«-«« 

24  end  pieces,  18  feet  by  I  ^"i?/?"",^ 

12  by  12  inches 432  f     V^  '®®^ 

11  ties,  18  feet  by  12  by  ^^ 

12  inches 198j 


depth. 


1,350> 


at  30  cents  per  lineal  foot . . . 


CRIB  PIER. 

16  joists,  18  feet  by  8  by  12 
inches,  say,  at  25  cents  per  lin- 
eal foot,  as  the  12  by  12  inches 
costs  30  cents,  and  the  6  by  12 
inches,  20  cents;  288  feet  at 

8  floor  plank,'  28*feet  by  12  by  12 
inches ;  448  feet  b.  m.,  at  $26 
per  M.,  b.  m 

102  1-inch  sqaare  iron  bolts,  32 
inches  long,  B^  pounds  each  = 
867  pounds,  at  4f  cents  per 
pound 

2^  pounds  lOd  cut  nails,  say,  at 
4  pents  per  pound 


$405  00 


72  00 
11  64 

41  18 

10 

529  92 
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LABOR. 


Driving  48  piles,  at  $5  each $240  00 

Pliccing  120  lineal  feet  of  8ill  and 
binder*  at  16  cents  per  lineal 
foot  of  each 19  20 


473  55 


FILE  PIER. 


30  feet  by  16  by  12  inches  =  45 
cords,  at  $12  50  per  cord,^  stone 
filling 562  50 

1, 036  05 


LABOR. 

Placing  1,350  lineal  feet  of  12- 
inch  timber,  at  12  cents  per 
lineal  foot $162  00 

Placing  2, 304  feet,  b.  m.,  joist, 
at  $ej  per  M.,  b.  m 18  43 

Placing  448  feet,  b.  m.,  floor 
planK,  at  $8  per  M.,  b.  m 3  58 


713  93 


CRIB  PIER. 


28  feet  by  16  feet  by  10  feet  10 
inches,  =  37.9  cords  of  stone 
filling,  at  $12  50  per  cord .... 


473  75 


1,187  68 


which  IS  a  reduction  of  $151  below  the  cost  of  the  crib  constniction,  or 
about  12J  per  cent.,  instead  of  33,  as  was  claimed  in  the  report  of  1866. 
But  to  this  we  must  add  the  cost  of  the  extra  stone  required  to  remedy 
the  settling  of  the  original  filling,  which  amounts  to —  . 

30  feet  by  16  feet  by  4  feet  =  15 
cords,  at  $12  50  per  cord $187  50 


1,223  55 


$1, 187  68 


an  actual  increase  of  $36  over  the  cost  of  the  crib  construction,  or  $1  20 
per  lineal  foot ;  and  if  we  add  still  the  cost  of  a  row  of  cross  piles  at 
every  thirty  feet,  and  the  cost  of  the  iron  tie  rods  at  every  ten  feet,  both 
of  which  are  essential  to  the  security  of  the  pier,  we  have — 


Brought  forward $1, 223  55 

12  piles,  at  $8  92,  for  cost  and 

labor 107  04 

3  iron  ties,  say,  at  $5  each 15  00 

1,345  59 


Brought  forward $1,187  68 


1,187  68 


a  difference  of  $158  in  favor  of  the  crib  work,  a  reduction  of  about 
twelve  per  cent,  on  the  cost  of  the  pile  pier,  or  $5  30  per  lineal  foot. 

It  will  be  remembered  that  the  above  is  a  comparison  offacU — quan- 
tities that  have  been  used,  and  prices  that  have  been  paid,  under  Gen- 
eral Cram's  contracts. 

I  will  remark,  in  addition,  that  the  prices  for  the  piles  are  very  much 
below  the  rates  paid  under  contract  "at  the  other  works  of  which  I  have 
relieved  General  Cram,  while  the  price  of  timber  is  considerablj-  above 
what  it  can  now  be  had  for. 

The  price  which  the  contractors  get  for  putting  on  the  sills  and  bind- 
ers, t.  e.j  sixteen  cents  per  lineal  foot,  is  most  markedly  inadequate,  in 
view  of  the  extraordinary  exertions  necessary  to  bring  the  piles  into 
line  5  and  no  future  contract  could  be  made  with  them  or  with  any  one 
velse  knowing  the  difficulties  to  be  encountered  in  the  prosecution  of  this 
labor  without  a  largely  increased  allowance  therefor. 

The  conclusion  to  be  deduced  from  these  facts  is  inevitable:  the  close 
pile  pier  is  an  expensive  blunder  not  to  be  sanctioned,  except  in  shoal 
water  with  clay  bottom,  and  when  through  the  fluctuations  of  the  lum- 
ber market  the  cost  of  the  piling  may  chance  to  fall  below  the  cost  of  a 
crib  construction. 
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Of  the  appropriatiion  for  the  improvement  of  this  harbor, 
approved  Jane  23, 1866,  there  was  an  available  balance 
July  1,  1867,  of $30,858  99 

Allotted  from  the  general  appropriation  of  July  25, 1868,  for 
the  repair,  preservation,  extension,  and  completion  of  cer- 
tain public  works,  or  rivers  and  harbors 17, 000  00 

Allotted  from  the  general  appropriation  of  1869  for  the  im- 
provement of  rivers  and  harbors,  for  the  fiscal  year  ending 
Jane  30,  1869,  and  the  year  ending  June  30, 1870,  $9,000 ; 
afterward  increased  to 12, 000  00 

59,858  99 
There  has  been  received  and  expended  daring  the  year  end- 
ing June  30, 1869,  the  sum  of 39, 427  05 

Balance  Jane  30, 1869 20,431  94 


s= 


all  of  which  will  be  expended  by  the  close  of  September,  the  work  com- 
pleted, and  the  appropriations  and  allotments  exhausted. 

Required,  according  to  previous  estimates,  to  make  the  harbor  avail- 
able for  vessels  of  fourteen  feet  draught,  the  sum  of  $39,000 ;  all  of 
which  could  profitably  be  expended  within  the  next  fiscal  year. 

It  is  probable  that  small  appropriations  will  occasionally  be  required 
to  repair  the  loss  of  stone  and  injury  to  the  i)iers,  probably  not  less  than 
$1,000  per  year. 

The  large  number  of  tugs  and  steamers  passing  in  and  out  of  this 
harbor  seem  to  exercise  a  beneficial  influence  in  keeping  down  the  bar. 

This  harbor  is  situated  in  the  collection  district  of  Cuyahoga,  and  is 
a  port  of  entry.  The  absence  of  information  concerning  its  revenues 
for  the  past  j^ear  is  explained  in  my  report  upon  Conueaut  Harbor. 
There  was  collected  here  from  customs  during  the  preceding  year  end- 
ing June  30,  1868,  the  sum  of— 

In  currency .'.  $30, 022  59 

In  coin 53, 970  62 

83, 993  21 


which  is  the  only  index  the  collector  furnished  in  re8pe<;|;  to  the  amount 
of  commerce  likely  to  be  benefited  by  the  completion  of  the  imi}rove- 
ment. 


D  9. 

Report  of  operations  in  the  hnprovement  of  Grand  River  Harbor j  Ohio^for 

the  year  ending  June  30,  1869. 

The  ea«t  pier  extension,  of  which  four  cribs  had  be^n  sunk  at  the 
close  of  last  year's  operations,  has  been  completed  by  the  sinking  of  six 
more,  and  the  completion  of  their  superstructure. 

In  view  of  the  great  settlement  which  had  taken  place  in  the  exposed 
end  cribs  during  the  preceding  winter,  1  deemed  it  advisable  to  riprap 
the  last  two  cribs  of  the  extension  on  both  sides  and  at  the  end—the  rip- 
rap extending  inward  from  the  extremity  of  the  pier  sixty  feet,  rising  to 
within  four  feet  of  the  surface  of  the  water,  and  taking  its  natural  slope. 
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The  work  was  then  carefully  leveled,  and  again  after  the  subsidence  of 
the  spring  freshets,  when  it  was  found  that  the  settlement  was  only  from 
two  to  four  inches,  instead  of  from  six  to  eight  feet  as  in  the  preceding 
winter — ^furnishing  a  sufficiently  strong  justification  of  the  means 
employed  to  accomplish  this  end. 

In  order  to  ascertain  the  effect  which  the  extension  of  the  east  pier 
had  had  in  deepening  the  channel,  I  caused  to  be  made  in  May  a 
careful  examination  of  its  depth,  the  soundings  being  taken  with  a 
graduated  pole  at  every  ten  feet  of  lines  of  soundings  twenty  feet  apart. 
The  ett'ect  is  well  shown  by  the  sketch  hereto  appended. 

As  was  to  be  expected  the  deep  water  of  the  river  has  extended  itself 
to  the  end  of  the  pier,  and  the  sand  thus  displaced  has  been  carried  fur- 
ther out  and  deposited.  In  other  words,  the  bar  has  been  moved  out 
bodily  just  about  as  much  as  the  pier  has  been  extended — ^the  water 
having  shoaled  in  many  places  from  three  to  four  feet. 

At  the  same  time  the  old  bar  has  been  cut  away  in  many  places  to  the 
same  extent,  and  as  its  material  has  been  deposited  in  deeper  water,  the 
new  bar  has  not  risen  high  enough  to  obstruct  the  passage  of  vessels 
which  could  get  over  the  old  bar  as  it  is,  and  there  has  been  an  abso- 
lute improvement  in  depth  of  channel  of  about  2.29  feet.  For  at  the 
stage  of  water  indicated  by  the  sketch  herewith,  ten  feet  could  be  car- 
ried in  without  difficulty  now,  when,  at  the  time  of  General  Cram's  sur- 
vey, 7.5  feet  +  .314 foot  =  7.81  feet,  was  all  that  he  claimed  could  enter; 
the  plane  of  reference  being  the  same  for  both,  which  is  the  same  as  that 
of  the  survey  of  this  harbor  made  in  August,  1865,  by  William  J.  Cas- 
quain,  under  orders  of  Colonel  William  F.  Eaynolds,  aide-de-camp  and 
major  of  engineers. 

The  past  winter  on  the  lakes  has  been  a  very  mild  one,  and  the  spring 
freshets  consequently  were  very  light,  otherwise  there  would  have  been 
a  still  more  marked  effect  visible. 

It  will  be  observed  that  the  deep  water  between  the  parallel  portions 
of  the  piers  has  approached  nearer  to  the  western  pier. 

As  to  what'had  better  yet  be  done  to  improve  this  harbor  I  am  scarcely 
determined.  The  extension  of  the  west  pier  in  a  direction  parallel  to 
the  east  pier,  starting  from  the  angle  of  flare,  would  undoubtedly  force 
the  bank  which  the  sketch  shows  lies  east  of,  and  near  to,  its  proposed 
position,  further  out,  and  what  is  now  deep  water  would  be  shoaled,  as 
has  occurred  in  the  case  of  the  east  pier  extension. 

The  cost  of  200  feet  of  pier  extension  would  not  be  less  in  this  deep 
sand  than  sixty  dollars  per  lineal  foot  =  $12,000. 

The  cost  of  removing  10,900  cubic  yards  of  sand  by  dredging,  which  is 
the  amount  estimated  on  the  basis  of  giving  twelve  feet  depth  across 
the  bar  and  for  the  width  of  the  channel-way  between  the  piers,  at 
fifty  cents  per  cubic  yard  =  $5,450. 

It  will  be  recollected  that  much  or  most  of  this  sand,  which  has  been 
twice  driven  further  out  into  the  lake,  got  into  the  channel  originally 
through  breaches  in  the  west  pier,  and  it  is  a  question  whether  we  shall 
not  eventually  be  compelled  to  remove  this  artificially. 

The  whole  subject,  however,  is  one  on  which  I  hardly  am  prepared 
to  make  a  decided  recommendation,  and  concerning  which  I  desire  to 
procure  further  information. 

The  cost  this  year  of  extending  the  east  pier  has  been  $10,777  37. 

By  Engineer  Department  letter  of  June  24,  1868.  there  was  available 
for  the  prosecution  of  the  work  at  Grand  Kiver,  Ohio,  $74,072,  inde- 
pendently of  any  balance  remaining  in  the  hands  of  General  Cram. 

By  General  Cram's  report  for  1807,  it  is  stated  that  of  the  appropri- 
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ations  for  this  harbor,  there  was  available  June  30, 1867,  $81,310  22,  of 
which  he  had  expended  before  I  relieved  him  $8,128  10,  leaving:  available 
$73,182  12,  which  amounts  are  so  near  alike  as  to  afford  presumptive 
evidence  reciprocally  of  correctness. 

But,  by  the  reports  of  the  Chief  of  Engineers  for  1866  and  1867,  it  is 
stated  that  the  balance  available  for  this  harbor  was,  July  1,  1867, 
$53,310  22;  which  I  assume  as  correct,  although  there  is  nothing  in  my 
possession  to  show  how  this  difference  of  $28,C^  could  have  arisen. 

Balance  July  1,  1867 $53, 310  22 

Expended  by  General  Cram,  1867 $8, 128  10 

From  general  appropriation  of  1864 493  40 

Special  appropriation  of  1867 7, 634  70 

Expended  by  me,  1868 93  12 

7, 727  82 

Balance  July  1, 1868 45, 582  40 

Expended  during  the  past  year 10, 777  37 

Available  June  30,  1869 34, 805  03 

for  application  to  pier  extension,  or  dredging,  and  the  further  improA'e- 
ment  of  this  harbor. 

Ko  further  appropriation  is  needed,  and  no  further  operations  ara 
contemplated  immediately. 

Grand  River  Harbor  is  in  the  collection  district  of  Cuyahoga,  port  of 
Fairport. 

The  amount  of  customs  collected  here  in  the  fiscal  year  ending  June 
30, 1868,  was— 

In  currency $53  25 

In  coin 638  75 


692  00 


For  the  reasons  stated  in  my  report  on  Conneaut  Harbor,  the  statistics 
required  for  the  past  year  are  not  given. 


D  10. 

Report  of  operatUms  in  improving  the  harbor  at  Ashtabula^  OhiOyfor  the 

year  ending  June  30, 1869. 

At  the  close  of  last  year's  operations,  eight  cribs  had  been  sunk  in  the 
east  pier  extension ;  by  iNTovember  of  that  year,  four  more  had  been  sunk 
on  that  side,  and  eight  in  the  west  pier  extension,  their  superstructures 
put  on,  and  the  whole  work  completed.  Here,  as  at  Conneaut,  the  tops 
of  the  piles  used  in  the  corners  of  the  cribs  were  left  projecting  at  inter- 
vals above  the  deck  plank,  constituting  snubbing  posts ;  in  all  cases 
these  posts  being  on  the  side  of  the  pier  farthest  from  the  channel. 

Careful  levelings  were  taken  here  after  the  close  of  operations  in  the 
fall,  and  again  in  the  spring,  when  it  appeared  that  both  extensions  had 
settled  from  two  inches  to  two  feet,  somewhat  irregularly,  but  with  a 
general  descent  toward  their  outer  extremities. 
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As  there  are  but  a  few  feet  of  sand  here  over  a  shale  substratum,  it  is 
not  likely  that  any  i'urther  settlement  will  take  place. 

All  that  remains  to  be  done  now,  in  order  to  complete  the  improve- 
ment of  this  harbor  as  proposed  by  General  Cram,  is  the  deepening  of 
the  channel  to  twelve  feet,  which  will  require  the  removal  of  a  large 
quantity  of  sand  and  shale  rock.  Proposals  for  doing  this  work  were 
called  for  by  advertisement  in  May,  resulting  in  June  in  the  letting  of 
the  job  to  Renseler  K.  Dodge,  of  Fulton,  Kew  York,  at  thirty  cents  per 
cubic  yard  for  sand,  and  one  dollar  and  twenty  cents  for  rock  dredging. 
Abstra<its  of  bids  are  rendered  herewith. 

Operations,  however,  were  not  commenced  here  until  August,  when 
the  dredges  employed  gave  satisfactory  evidence  of  theu*  ability  to 
accomplish  the  difficult  work  which  they  are  employed  to  do.  About 
4,400  cubic  yards  of  sand  and  rock  were  removed  by  the  simple  power 
of  the  dredgej  without  blasting  or  cutting,  up  to  the  end  of  August. 
Two  dredges  are  now  on,  and  it  is  probable  that  the  greater  part  or  the 
whole  of  the  undertaking  will  be  accomplished  by  the  close  of  navigation 
this  fall.  This  is  very  satisfactory,  in  view  of  the  doubt  which  dredge- 
men  felt,  generally,  as  to  the  practicability  of  doing  this  work  without 
blasting,  in  consequence  of  which,  previous  bids  had  run  so  high  as 
absolutely  to  forbid  us  from  contracting  for  the  work. 

There  has  been  expended  in  the  completion  of  the  pier  exten- 

.    sions  the  sum  of $28, 412  94 

Balance  on  hand  June  30, 1868 48, 310  16 

Balance  June  30, 1869 19, 897  22 

which,  under  our  present  contract,  will  be  sufficient  for  completing  the 
dredging  of  this  harbor  without  the  additional  appropriation  called  for 
in  the  last  annual  rep(»:t. 

This  will  complete  the  improvement  of  this  harbor,  leaving  nothing 
more  to  be  done  than  the  repair  of  the  old  wood  work  a«  it  becomes 
decayed.  It  remains  to  be  seen  whether  the  outflow  of  this  river  irom 
a  channel  between  equal  and  parallel  piers  will  be  sufficient  to  prevent 
the  formation  of  a  bar  off  its  mouth.  Another  season  will  probably  give 
us  the  means  of  deciding  this. 

Ashtabula  Harbor  is  in  the  collection  district  of  Cuyahoga,  and  my 
inability  to  furnish  satisfactory  information  concerning  the  amount  of 
commerce  likely  to  be  benefited  by  its  improvement  is  explained  by  the 
remarks  on  this  head  in  my  report  on  Conneaut  Harbor. 

During  the  year  preceding  this,  upon  which  I  am  reporting,  there  was 
collected  from  customs  at  the  port  of  Ashtabula  $90  70  in  currency,  and 
$3  63  in  gold.  The  commerce  of  the  lake  seems  to  be  generally  better 
this  year  than  it  was  last  year,  and  it  is  probable  that  better  results 
would  be  shown  by  the  custom-house  records  if  we  could  get  at  them. 

The  Lake  Shore  railroa<l  has  a  branch  already  graded  from  the  coal 
fields  to  Ashtabula  Harbor,  and  in  the  event  of  its  completion  this  will 
probably  become  a  coal  port  of  considerable  importance. 
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Ahstraet  of  Indi  received  far  dredging  Aehtahnla  Harbor,  Ohio,  to  aecomvany  animal  report  for 

the  year  ending  June  30, 1869. 


Name  of  bidder. 

• 

5, 000  onUc  yards  of  sand,  more 
or  lesa,  to  be  removed  from 
the  bed  of  the  chauneL 

6, 000  cubic  yards  of  softi  shale 
rock,  more  or  less,  to  be  re- 
moved from  the  bed  of  the 
chanueL 

Lee  Sc  Danbar,  of  Erie,  Pa 

Fifty  cents  per  cubic  yard 

Thirty  cents  per  cubic  yard. . . 

$4  50  per  cnbic  yard. 
|1  SO  per  cubic  yard. 

BeDBoler  R.  Dodge,  of  Fulton,  N.  T  . . 

And  a  contract  was  accordingly  authorized  and  made  with  Renseler 
B.  Dodge  in  accordance  with  his  bid. 

WALTEE  McFAKLAND, 

Major  of  Engineers. 


D  IL 

Report  of  operations  in  the  improvement  of  Coiineaut  Harbor j  Ohio^for  the 

year  ending  June  30, 1869. 

The  breach  behind  the  east  pier,  mentioned  in  my  last  annual  report, 
waj3  rebuilt  last  fall.  It  was  found  necessary  in  filling  this  opening, 
which  was  reported  as  one  hundred  and  fifty  feet  in  length,  to  make 
nse  of  a  structure  one  hundred  and  eighty  feet  in  length,  in  order  to 
secure  a  connection  with  a  ridge  rising  several  feet  above  the  general 
level  of  the  river  bottom.  There  is  no  reason  now  to  apprehend  any  further 
breaking  through  behind  this  pier  where  the  river  is  swollen  through 
freshets. 

All  the  cribs  of  the  west  pier  extension  were  sunk  in  place.  '  Owing 
to  a  sudden  storm  which  arose  before  the  first  two  could  be  secured  by 
stone  filling,  these  two  were  carried  away  and  had  to  be  replaced  by 
new  ones,  the  additional  expense  of  which  was  borne. by  the  recent 
allotment  of  nine  thousand  dollars  for  the  repair  of  the  breach  behind 
the  east  pier. 

This  completes  the  work  prescribed  for  the  improvement  of  this  harbor, 
excepting  the  dredging,  which  still  remains  to  be  done. 

After  much  consideration  of  the  subject,  knowing  the  aversion  that 
has  heretofore  existed  to  the  introduction  of  snubbing  posts  in  these 
piers,  I  have  thought  it  best  to  make  use  of  them  for  two  reasons;  first, 
because  where  they  do  not  exist  the  piers  have  to  suifer  through  the 
tearing  up  of  the  deck  plank,  in  order  that  vessel  men  may  reach  the 
joists,  to  which  they  tie  up,  and  the  injury  thus  resulting  (for  this  occurs 
at  every  pier  where  there  are  no  snubbing  posts)  is  much  greater  than 
can  result  from  the  introduction  of  such  posts  when  firmly  placed;  and, 
second,  because  in  freezing  weather  it  often  becomes  a  question  of  life 
and  death  whether  a  vessel  can  hold  fast  to  the  pier.  I  have  therefore 
introduced  them  in  the  west  pier  extension,  or  rather,  I  have  omitted 
cutting  off  the  tops  of  the  piles  which  are  driven  in  the  outer  corners  of 
the  cribs,  thus  furnishing  goo'd  snubbing  posts  at  every  thirty  feet, 
driven  into  the  bottom,  and  with  the  entire  width  of  the  pier  between 
them  and  the  vessels  which  may  tie  up  to  them. 

The  amount  received  and  expended  in  these  operations  during  the 
fiscal  year  ending  June  30, 1869,  was  $14,213  74;  allotted  April  10, 1869, 
from  the  general  appropriation  for  that  year,  $9,000;  which,  since  the 
30tli  of  June,  has  been  entirely  expended,  and  the  work  of  pier  extension 
and  repairs  in  this  harbor  completed. 

The  work  still  remaining  to  be  done,  of  dredging  the  channel,  approved 
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September  12, 1866,  will  not  amount  to  more  than  $6,000^  which  still  is 
to  be  appropriated. 

It  will  be  observed  that  in  my  last  annual  report  it  was  stated  that 
there  was  still  needed  to  complete  the  work  of  improvement  at  this  har- 
bor the  sum  of  $22,000;  of  which  there  has  been  supplied  by  allotment 
$9,000,  and  yet  I  now  report  that  but  $6,000  more  is  needed  to  complete 
the  work,  showing  that  the  former  estimate  was  too  large  by  7,000. 
This  arose  from  the  fact  that  General  Cram's  estimate  for  the  west  pier 
extension,  which  I  incorporated  in  my  last  annual  report,  was  for  a  pier 
three  hundred  and  fifty  feet  long,  while  the  depth  of  water,  twelve  feet, 
which  that  was  designed  to  reach,  was  actually  attained  by  a  pier  only 
two  hundred  and  forty  feet  long,  costing  a  little  over  $7,000,  or  less  than 
that  estimated  for. 

The  west  pier  extension  having  been  made  this  spring,  its  eflfect  upon 
the  channel  is  not  yet  observable.  It  is  probable  that  a  small  amount 
of  dredging  may  periodically  be  required  here,  if  it  be  determined  U> 
maintain  twelve  feet  depth  of  channel,  though  the  little  commerce  which 
the  place  has,  and  its  comparative  uselessness  as  a  harbor  of  refuge 
lead  me  to  doubt  whether  that  will  be  necessary. 

Conneaut  Harbor  is  situated  in  the  collection  district  of  Cuyahoga, 
and  is  a  port  of  entry.  No  answer  has  yet  been  received  as  to  the  amount 
of  revenue  collected  here,  and  the  amount  of  tonnage  likely  to  be  bene- 
fited by  the  completion.  Collector  Watmoughj  of  Cleveland,  is  un^ible 
to  give  me  this  information,  for  the  reason  that  the  books  containing  it 
have  been  removed  from  the  Cleveland  custom-house  by  the  former  collec- 
tor, Mr.  Grannis,  and  although  my  letter  of  inquiry  was  referred  to  this 
gentleman  no  answer  is  yet  received.  Last  year  there  was  so  much  delay 
in  answering  my  inquiries  concerning  these  matters  that  my  annual 
report  was  sent  off  before  the  desired  information  reached  me,  and  I 
shall  therefore  give  you  that  information  here,  which  will  jirobably  serve 
sufficiently  the  purpose  desired. 

In  the  year  ending  June  30, 1868,  there  was  collected  for  duties  at 
Conneaut  Harbor  $18  in  currency,  which  Deputy  Collector  Phil.  Kessler, 
at  Cleveland,  thinks  indicates  the  amount  of  commerce  likely  to  be  bene- 
fited by  the  improvements  in  progress. 


D  12. 

Report  of  operations  in  the  improvement  of  Erie  Harbor j  Pennsylvaniajfor 

the  year  ending  June  30,  1869. 

The  operations  in  progress  at  this  harbor  at  the  close  of  the  Inst  fiscal 
year,  ending  June  30,  1868,  were  the  repair  of  the  damaged  north  pier 
and  the  dredging  of  the  inner  bar;  and  those  contemplated  were  the 
completion  of  these  items  and  the  repair  of  the  breakwater  extending 
from  the  south  pier  to  the  soutli  shore  of  the  bay. 

The  repair  of  tliree  quarters  (380  feet)  of  the  damaged  north  pier  was 
completed  in  September,  and  this  part  was  strongly  riprapped.  The 
remaining  one  hundred  and  twenty  feet,  being  too  badly  damaged  to  be 
worth  repair,  it  was  deemed  advisable  to  leave  it  for  the  storms  of  win- 
ter to  loosen,  preparatory  to  removing  it  entirely  and  replacing  it  by  a 
new  construction.  From  careful  levels  taken  after  the  close  of  oi)era- 
tions  in  the  fall  and  again  after  the  opening  of  navigation  in  the  sjmng, 
it  is  found  that  the  riprap  has  answered  its  purpose  perfectly,  no  settle- 
ment whatever  of  the  pier  which  it  was  designed  to  protect  being  percep- 
tible.   The  remaining  wrecked  portion  of  this  pier  will  be  removed 
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duriDg  the  present  season,  anil  replaced  by  a  construction  of  the  same 
general  character,  riprapped  as  is  the  repaired  portion. 

A  part  of  the  old  north  pier  also  is  becoming  dilapidated,  and  will 
require  repairing  daring  the  present  season. 

The  channel  across  the  inner  bar  has  been  dredged  to  the  depth  of 
thirteen  feet  below  the  ordinary  low-water  stage,  and  for  a  width  of  one 
hundred  feet.  During  the  present  season  it  will  be  widened  to  two  hun- 
dred feet,  and  deepened  another  foot,  which  will  give  a  little  over  thirteen 
feet  depth  at  the  lowest  stage  of  water  in  the  fall  months.  A  lump  on 
the  outer  bar,  apparently  caused  by  the  motion  of  a  heavily-laden  vessel 
which  had  grounded  there,  was  also  cut  away.  In  these  operations 
over  twenty-seven  thousand  cubic  yards  of  sand  were  removed. 

!N^othing  has  been  done  toward  rebuilding  the  breakwater  connecting 
the  south  pier  with  the  south  shore,  because  doubts  were  entertained  as 
to  the  necessity  or  expediency  of  spending  money  here.  I  have  decided, 
however,  that  it  will  be  prudent  to  repair  it  to  the  water  level,  it  being 
useless,  I  believe,  in  its  sheltered  i)osition  in  shoal  water,  to  carry  it  any 
higher,  and,  with  the  consent  of  the  department,  that  work  will  be  begun, 
if  not  completed,  this  fall. 

The  estimate  of  $35,000  for  dredging  the  channel  over  the  inner  bar, 
contained  in  my  last  annual  report,  "was  made  for  a  channel  three  hun- 
dred feet  wide  and  thirteen  feet  deep,  below  the  stage  of  water  to  which 
was  rieferred  the  soundings  on  the  chart  of  Erie  Harbor,  made  in  1865 
and  1866 

It  was  discovered  in  November  last,  but  too  late  for  insertion  in  the 
annual  report,  that  this  stage  of  water  was  at  least  a  foot  above  the  ordi- 
nary low- water  stage  of  the  fall  months,  and  that  consequently,  in  order 
to  secure  thirteen  feet  depth  of  water  at  all  seasons,  it  would  be  neces- 
sary to  dredge  a  foot  or  more  deeper  than  had  been  contemplated ;  at  a 
probable  cost,  for  a  channel  three  hundred  feet  wide,  of  $30,750.  As  it 
was  by  all  means  desirable  to  secure  the  required  depth,  it  was  decided 
to  make  the  channel  for  the  present  but  two  hundred  feet  wide,  my  esti- 
mate being  large  enough  to  pay  for  thirteen  feet  depth  at  lowest  "water 
for  this  reduced  width.  In  order,  therefore,  to  make  this  channel  of  the 
width  recommended  by  me  in  my  last  annual  report,  this  additional 
amount  of  $30,750  would  be  needed.  The  present  widtb,  however,  seems 
to  be  highly  satisfactory  to  navigators,  although  I  think  it  still  advisa- 
ble to  give  the  additional  hundred  feet  of  width  originally  recommended. 

By  my  last  annual  report,  there  was  needed  to  complete 
the  repairs  of  the  north  pier  and  the  improvement  of  the 
channels,  in  addition  to  the  approiniatious  and  allotments 
previously  made,  the  sum  of $3, 650  00 

For  rebuilding  breakwater  and  other  repairs 34, 000  00 

♦  37, 650  00 

Of  which  there  has  been  allotted  from  the  general  "appro- 
priation for  the  improvement  of  rivers  and  harbors  for 
the  year  ending  June  30,  ISOO'' 22,500  00 

Leaving 15, 150  00 

still  to  be  appropriated  for  the  accomplishment  of  these 
especial  objects :  to  which  must  be  added,  if  the  channel 
is  to  be  widened  to  three  hundred  feet,  with  its  present 
depth  of  thirteen  feet  below  low- water  stage 30, 750  00 

Total  to  be  appropriated 45, 900  00 
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If  it  be  decided,  however,  that  the  present  channel  is  sufficiently  wide, 
this  amount  will  be  ample  lor  carrying  out  the  project  mentioned  in  the 
letter  of  the  Chief  of  Engineers  to  the  Hon.  Secretary  of  War,  dated 
Engineer  Department,  Washington,  February  19,  1807,  for  giving  to 
this  harbor,  among  others,  a  depth  of  fifteen  feet  at  the  lowest  stage 
known ;  and  thirty  thousand,  dollars  more  would  be  required  to  give 
this  depth  over  a  width  of  three  hundred  feet;  these  estimates  being 
based  ui)on  the  present  rate  of  di*edging  at  this  harbor,  which  is  thirty- 
seven  and  a  half  cents  per  cubic  yard. 

The  amount  expended  in  the  prosecution  of  these  labors  during  the 
past  year  is  $1^1,173  70,  which  includes  several  payments  for  retained  per- 
centage and  advertising  due  at  the  time  that  the  charge  of  the  improve- 
ment of  this  harbor  devolved  upon  me. 

Still  available,  June  30,  of  the  allotment  of  $40,000,  of  which 

I  was  notified  July  30,  1808 $33, 500  00 

Allotment  from  the  appropriation  approved  April  10, 18G9. .     22, 500  00 

Available  June  30, 1869 56, 000  00 

all  of  which  will  probably  be  expended  by  the  close  of  navigation  this 
fall. 

The  completion  of  the  repairs  upon  the  north  pier  and  the  breakwater 
connecting  the  south  pier  and  the  south  shore  of  the  bay,  and  the 
deepening  and  widening  of  the  channel  across  the  inner  bar,  will 
complete  the  improvement  of  this  admirable  harbor. 

There  will  always  be  more  or  less  deterioration  of  the  wooden  piers, 
and  a  gradual  re-formation  of  the  outer  bar,  which  will  need  to  be  remedied 
by  dredging.  I  presume  that  a  thousand  dollars  a  year  will  be  more 
than  sufficient  to  keep  both  in  good  order.  ^ 

There  is  a  degree  of  satisfaction  amongst  sailors  and  shipping  men 
concerning  the  present  condition  of  the  harbor,  that  is  very  agreeable  to 
witness.  The  heaviest  laden  vessels  go  in  and  out  without  difficulty, 
and  nothing  goes  aground  unless  it  runs  out  of  the  channel,  which  is 
exceedingly  well  marked,  and  with  reasonable  care  need  never  be  missed 
by  day  or  night. 

It  is  not  ea«y  to  say  what  amount  of  commerce  is  likely  to  be  benefited 
by  the  completion  of  the  improvements  in  progiess.  Erie  is  rapidly 
awakening  from  the  lethargy  which  for  years  has  bound  it,  and  bids 
fair  to  hold  the  first  place  in  the  coal  and  iron  trade  of  the  lakes. 

During  the  past  year  a  revenue  of  $20,670  has  been^  collected  from 
customs,  which  is  nearly  double  what  was  collected  during  the  prece- 
ding year.  The  number  of  vessels  which  have  entered  and  cleared 
during  the  same  period  is  2,364,  with  au  aggregate  tonnage  of  776,298 
tons,  an  increase  over  last  year  of  twelve  per  cent,  in  the  number  of 
vessels  and  forty  per  cent,  in  the  amount  of  tonnage.  While  tke  average 
tounage  of  the  vessels  which  entered  and  departed  last  year  was  267 
tons,  the  average  tonnage  of  those  which  entered  and  departed  this  year 
is  328,  an  increase  in  average  tonnage  of  twenty-three  per  cent. 

Collector  Gaggiii,  in  furnishing  me  with  the  information  above  given, 
adds:  *'In  counection  with  this  report  I  would  state  that  the  importiint 
improvements  lately  made  in  the  chaimels  of  this  harbor  have  very 
largely  increased  the  commerce  of  the  port;  and  not  only  in  an  augmented 
trade,  but  in  the  heavier  draught  of  vessels  now  able  to  do  business 
here." 

It  is  certain  that  the  na^igator8  all  along  the  lake  where  I  have  been, 
speak  with  unmixed  satisfaction  of  the  condition  of  Erie  harbor. 
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This  harbor  is  in  the  coUection  district  of  Erie,  and  Erie  is  a  port  of 
entry. 

The  entire  amonnt  of  the  estimate  for  the  completion  of  the  improve- 
ments here  may  be  profitably  exx)ended  within  the  next  year. 

No  contracts  concerning  it  have  been  entered  into  since  the  date  of 
my  last  annual  report. 

Two  dredges  are  kept  at  work  in  the  improvement  of  the  inner 
channel,  night  and  day,  with  the  expectation  of  finishing  that  work  by 
December  first  of  the  present  year,  and  it  is  expected  that  the  repairs 
mentioned  as  necessary  in  an  earlier  part  of  tJiis  report  wiU  be  completed 
at  the  same  time. 


Appendix  E. 


United  States  Engineee  Office, 

Buffalo^  September  13, 1869. 

Oenebal:  I  have  the  honor  to  submit  the  following  annual  report  of 
the  progress  made  in  the  work  of  harbor  improvement  in  my  charge 
for  i^e  fiscal  year  ending  June  30, 1869: 

BUFFALO   HABBOB. 

I. — History  a/nd  condition  of  the  work  during  the  year. 

Operations  for  the  fiscal  year  began  with  a  vigorous  prosecution  of 
the  work  of  interior  harbor  improvement,  in  the  order  directed  in  instruc- 
tions from  the  Chief  of  Engineers  dated  April  3, 1868,  as  follows: 

Repair  and  protection  of  existing  piers. — ^The  south  United  States  pier 
was  repaired  throughout  its  whole  extent,  the  masonry  of  the  lower  or 
harbor  section  protected  by  a  row  of  piling  confined  by  sill  and  binder 
work  and  sheathed  to  low-water  level,  and  the  pier-head  was  built  up 
and  backed  with  stone  according  to  the  plans  transferred  to  me  by  my 
predecessor  in  charge.  The  completion  of  this  work  was  delayed  until 
the  close  of  the  worMng  season,  on  account  of  its  connection  with  the  pier 
extension,  likewise  retarded  from  causes  hereafter  stated.  Just  subse- 
quent to  its  being  completed  and  closed,  a  severe  storm  arose  which  dam- 
aged the  pier-head  somewhat,  but  not  to  any  great  extent,  by  loss  of  stone, 
planking,  and  joists,  and  developed  the  necessity  of  re-enforcement  at 
this  point  as  well  as  repair.  By  letters  from  the  Chief  of  Engineers  dated 
January  6  and  April  19, 1869, 1  was  authorized  to  take  the  necessary 
measures  for  the  protection  of  this  part  of  the  work,  but  as  the  gale  which 
did  the  damage  also  coated  the  pier-head  with  ice,  nothing  could  be  done 
until  the  opening  of  navigation  in  1869.  The  work  was  taken  up  as  soon 
as  possible,  but  owing  to  its  particularly  exposed  location,  has  constantly 
been  delayed  by  the  extraordinarily  unfavorable  working  season  of  the 
present  year.  At  the  dose  of  the  fiscal  year  the  work  was  nearly  com- 
pleted. 

The  repair  of  the  north  United  States  pier  has  only  been  undertaken 
occasionally,  when  it  was  too  stormy  to  employ  a  force  outside.  The 
ruin  of  the  old  pier  head  has  been  dredged  out ;  a  new  pier  head  built 
and  protected  by  piling,  sill  and  binder  work,  and  sheathing*  similar  to 
that  used  to  protect  the  masonry  of  the  south  United  States  piers,  har- 
bor section.  The  new  pier  head  was  nearly  completed  at  the  close  of 
the  fiscal  year.    Kothing  was  done  toward  repairing  the  stonework  of 

10 
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the  pier,  owing  to  the  necessity  of  using  it  as  a  ground  for  the  storage 
and  framing  of  timber  for  outer  harbor  work. 

Extension  of  the  south  pier. — The  south  United  States  pier  was  extended 
'  on  the  line  of  prolongation  of  its  harbor  section  for  a  distance  of  three 
hundred  and  eighteen  feet,  measured  from  the  axis  of  the  light-house. 
This  work  was  greatly  retarded  by  the  difficulties  of  the  site,  (yielding 
sand  continually  shifting  under  the  action  of  a  cross  current,)  and  by 
the  repeated  collisions  of  inward-bound  vessels  with  the  unfinished  work. 
Early  in  the  season  it  was  found  necessary  to  greatly  re-enforce  my  pre- 
decessor's plans  of  crib  building,  especially  by  introducing  more  iron  in 
ti^e  construction,  and,  notably,  screw  and  washer  bolts  in  the  three  lower 
crib  courses.  Settling  in  the  cribs  was  also  constantthroughout  the  whole 
working  season,  necessitating  an  extra  outlay  of  labor  and  material, 
much  in  excess  of  the  original  estimate.  These  circumstances  will 
account  for  the  corresponding  excess  of  expenditure  upon  this  portion 
of  the  harbor  improvement.  The  work  was  finally  completed  only  after 
constant  building  up  of  the  cribs  as  they  settled,  and  when  the  nature 
of  the  site  had  been  practically  changed  from  sand  to  stone,  by  the  con- 
stant settling  of  the  crib  filling  through  the  grillage  intervals  of  the  crib 
bottoms.  The  westerly  or  pier-head  crib  of  tiie  extension  settled  bodily 
on  its  original  site,  into  the  sand  at  least  seven  feet  in  the  course  of  the 
season,  besides  sifting  out  through  its  grillage  bottom  about  half  its  stone 
filling.  A  like  action  to  a  lesser  extent  took  place  throughout  the 
whole  extension.    It  may  therefore  now  be  considered  as  firmly  anchored. 

Dredging  between  the  south  pier  extension^  and  course  of  north  pier  pro- 
longed^ — ^This  dredging  I  have  postponed  until  work  on  the  soutibi  pier 
diall  have  permanently  closed. 

Oonstruetion  of  breakwater. — ^Preparations  for  this  work  had  been  made 
daring  the  yeai\  and  material  for  it  began  to  arrive  in  the  fall  and  win- 
ter of  1868.  ana  is  still  being  supplied.  Framing  was  carried  on  during 
the  late  fall  and  winter  in  anticipation  of  starting  the  work  upon  the  ice. 
The  winter  was  so  mild,  however,  that  no  ice  formed  of  sufficient  thick- 
ness to  venture  to  work  upon  it,  excepting  at  one  time  when,  the  ground 
having  been  resurveyed  and  the  position  of  the  first  crib'  to  be  sunk 
located,  a  sudden  thaw  necessitated  the  speedy  withdrawal  of  material 
from  the  site,  just  as  the  crib  bottom  had  commenced  to  be  put  togetiier. 
It  is  true  that  in  the  early  spring  a  few  bitter  cold  days  again  increased 
the  thickness  of  the  ice  so  that  it  could  be  worked  upon,  but  from  the  late- 
ness o£  the  season  and  the  warning  previously  received  of  the  unrelia- 
bility of  the  weather,  it  was  considered  imprudent  to  again  risk  the  men 
aad  material.  Nothing,  therefore,  could  be  done  until  the  opening  of  nav- 
iH^tion  in  1869.  This  was  extraordinarily  late  in  occurring  and  the  season 
very  unfavorable  for  working,  but  by  dint  of  energetic  prosecution  of  the 
work  at  every  favorable  occasion^  the  laying  and  filling  of  these  cribs 
(one  hundred  and  fifty  feet)  had  been  effected  at  the  closing  of  theffscal 
year, 

IL — 8t^s  taken  for  prosecution  of  work  during  present  working  aeasan^ 

and  probable  progress. 

What  remains  to  be  done  of  interior  harbor  work  will  probably  be  fin- 
ished this  working  season  under  existing  contracts  and  special  author- 
ities. About  eight  hundred  feet  of  breakwater  can  be  built  under  exist- 
ing contracts,  and  it  was  expected  to  finish  this  by  the  close  of  the  work- 
ing season,  bat*  the  work  has  already  been  greatiy  delayed  by  continu- 
ous stormy  weather.    Should  the  weather  continue  as  un&tvorable  as 
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heretofore  Ibronghout  the  season,  the  completion  of  the  present  ccmtract 
will  be  prolonged  into  the  winter  or  possibly  delayed  nntU  next  spring. 

On  May  5, 1869, 1  received  notification  of  a  special  allotment  of  $90,000 
from  ^'appropriation  for  the  improvement  of  rivers  and  harbors,  for  the 
fiscal  year  ending  Jnne  30, 1869,"  '^  and  the  year  ending  June  30, 1870,"  to 
be  applied  to  the  improvement  of  Buffalo  Harbor.  This  I  -propose  to 
devote  mainly  to  the  pushing  forward  of  the  breakwater,  reserving  only 
a  small'  amount  for  such  repairs  as  may  become  necessary  upon  the 
interior  works.  I  am  instructed  to  apply  this  money  **  by  contract  or 
otherwise  as  may  in  my  judgment  best  subserve  the  interest  of  the  gov- 
emment,  or  prove  to  be  most  economical."  Inasmuch  as  the  work  dDue 
by  i^e  present  contractors,  Messrs.  Bailey  &  Denney,  has  been  eminently 
satis&ctory,  and  the  material  supplied  by  them  of  the  best  quality;  as 
they  have  the  requisite  machinery  and  equipments  on  hand  for  the  con- 
struction of  the  work,  which  other  parties  or  the  United  States  would 
have  to  supply  or  purchase  from  them,  I  have  considered  it  expedient  to 
invite  of  them  a  tender  for  continuing  the  supply  of  labor  and  material  tor 
the  work,  under  the  $90,000  allotment,  from  the  ccmdusion  of  their  pres^it 
contracts.  Should  the  terms  they  oner  prove  just  and  reasonable,  and 
cheaper  than  I  could  undertake  the  work,  by  purchasing  machinery, 
hirmg  labor,  and  purchasing  material  in  open  market,  I  propose  to  con- 
tract witii  them  for  the  continuance  of  the  work,  allowing  them  to  follow 
it  up  from  the  point  they  leave  off  under  their  existing  contracts.  It  is 
probable  that  tiiey  will  be  able  to  come  to  terms  as  to  every  item,  except- 
ing that  perhaps  of  iron  material,  which  BuffEdo  iron  firms  may  p^h^s 
be  able  to  supply  cheaper,  and  as  good  as  they  can  procure  it. 

f^m  1,000  to  1,200  feex  breakwater  will  probably  be  built  from  frmds 
at  present  available. 

Sections  2  cmd  3,  (sircnUir  Jume  10, 1868. — The  data  required  by  these 
sections  is  herewith  respectfully  submitted.  In  estimates  for  frmds  I 
still  include  the  project  of  opening  the  south  channel  from  Lake  Erie 
into  Buffalo  Greek,  for  the  reUef  ^  the  interior  harbor  and  up-stream 
commerce.  For  details  of  the  plan  of  operations  I  propose  at  this  point 
I  respectfully  refer  to  a  memoir  dated  ^November  21, 1868,  and  submitted 
to  the  Chief  of  Engineers  shortly  after.  Some  of  the  contingenclestherein 
referred  to  have  already  occurred.  Preparations  have  already  been  made 
by  a  private  corporation  to  blast  out  a  channel,  and  build  wharves  along 
the  creek  front  for  a  distance  of  about  one-fourth  of  a  mile  above  the ' 
Ohio  street  toll  bridge.  Dredging  and  blasting  to  the  extent  of  $100,000 
is  already  under  contract  and  commenced.  When  tiiese  improvements 
sdiall  have  been  effected  the  necessity  of  a  soutih  diannel  will  become 
still  more  apparent  than  at  present. 

BlXFFAIiO  VS&Jl  VTAJJL. 

This  work  remains  in  same  condition  as  stated  in  my  last  annual 
report,  and,  for  reasons  therein  given,  ftuilLer  work  upon  it  is  not  recom- 
mended at  present. 

DI7NKIBK  HABBOE. 

I.  History  4md  condition  of  the  work  Awring  the  year. 

At  the  close  of  the  last  fiscal  year,  454  running  feet  of  this  work  had 
been  built  in  accordance  with  tilie  plans  turned  over  to  me  by  my  pre- 
decessor in  charge.    Its  construction  was  continued  during  the  worUng 
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season,  and  it  was  expected  to  have  completed  it  by  the  1st  of  Novem- 
ber, 1868.  On  the  nights  of  the  7th  and  8th  of  October,  1868,  all  the 
mider- water  work  having  been  completed  and  partly  built  over,  a  severe 
gale  arose,  which  breached  the  pier  to  the  extent  of  210  feet,  carrying 
away  seven  cribs  with  the  few  courses  of  superstructure  which  had  been 
built  over  them. 

On  the  10th  of  October,  1868, 1  made  a  full  report  to  the  Chief  ol 
Engineers  of  the  disaster,  and  on  the  29th  of  the  same  month  submitted 
a  project  for  repair  and  re-enforcement  of  the  pier,  embodying  funda- 
mental changes  in  the  manner  of  crib  construction.  This  project  was 
approved,  and  I  was  subsequently  directed  to  advertise  for  proposals 
for.  the  work,  which  was  done,  and  the  work  let  on  16th  February, 
1809. 

In  the  meanwhile,  the  season  had  so  far  advanced  that  nothing  more 
could  be  done  to  the  work  until  the  spring  of  1869.  The  wreck  was 
accordingly  cleared  away,  and  the  work  secured  for  the  winter. 

Upon  the  opening  of  the  working  season  of  1869,  the  re-enforoement 
of  tikie  work  was  commem^ed,  and  at  the  close  of  the  fiscal  year  four  but- 
tress cribs,  120  feet  under- water  work,  had  been  put  in  position  and 
filled  with  stone,  and  two  more  were  ready  for  sinkmg. 

Oomtrtuftian  €f  new  breakwater. — In  accordance  with  instructions  from 
the  Chief  of  Engineers,  proposals  were  advertised  for,  for  the  construction 
of  so  much  of  this  work  as  could  be  built  out  of  the  balance  of  appro- 
priation available  for  that  purpose.  On  the  10th  of  September,  1868, 
the  work  was  let^  labor  upon  it  to  commence  in  the  spring  of  1869.  At 
the  beginning  ot  tiie  working  season  the  construction  was  begun,  and 
at  the  close  of  the  fiscal  year  seven  cribs  (210  running  feet)  of  the 
breakwater  had  been  laid,  fiUed  with  stone,  and  partiy  built  over  with 
superstructure;  the  framing  of  two  more  cribs  for  the  work  was 
progressing  at  the  same  time.    *" 

Removal  of  old  outer  breakwater. — ^The  necessity  for  this  operation  was 
set  forth  in  my  last  annual  rei)ort,  and  sanctioned  by  the  Chief  of  Engi- 
neers by  letter  of  August  1, 1868.  The  work  was  accordingly  advertis^, 
and  let  on  the  10th  of  September,  1868,  the  removal  to  be  effected 
during  the  working  season  of  1869.  At  the  close  of  the  fiscal  year  the 
work  had  not  been  yet  attempted,  the  necessary  machinery  not  having 
arrived. 

n.  Steps  taken  for  prosecution  of  work  during  present  working  season^  and 

probable  progress. 

Notwithstanding  the  unfavorable  working  season,  and  the  continual 
drawbacks  repeatedly  experienced  by  reason  of  stormy  weather,  it  is  hoped 
that  the  repair  and  re-enforcement  of  the  west  United  States  pier,  the 
removal  of  the  old  outer  breakwater,  and  the  construction  of  the  section 
of  new  breakwater  now  under  contract,  will  all  have  been  effected  by 
the  dose  of  the  present  working  season.  It  is  possible,  however,  that  the 
completion  of  one  or  both  of  the  building  operations  may  necessarily, 
on  account  of  the  weather,  be  postponed  until  next  sprint.  The  removal 
of  the  old  outer  breakwater  will,  however,  be  effected  snortly,  unless  the 
contractors  fail  in  their  contract.  The  completion  of  the  above-men- 
tioned operations  will  absorb  the  balance  on  hand  of  the  existing 
appropriation  excepting  a  small  reserve  for  repairs. 

The  recommendations  contained  in  my  last  annual  report,  as  to 
additional  improvements  in  this  harbor,  are  respectfully  renewed, 
es])ecially  the  completion  of  the  breakwater,  now  fairly  in  process  of  con- 
struction. 
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Data  to  accompany  annual  report  of  harbor  improvement^  for  the  fiscal  year 
ending  June  30, 1869.  in  compliance  with  provisions  of  sections  2  and  3 
of  circular  from  headquarters  Corps  of  JSngineerSj  June  10, 1868. 

Amount  required  for  the  entire  completion  of  each  work: 

Buffalo  Harbor:  Completion  of  interior  harbor  work $14, 000  00 

Completion  of  breakwater 637, 803  17 

Construction  of  south  channel 225, 000  00 

Total 876,803  17 


BuflEalo  sea  wall $50, 000  00 


Dunkirk  Harbor:  Completion  of  west  United  States  pier..  $15, 338  11 

Completion  of  breakwater 135, 376  58 

Dredging  old  breakwater 2, 179  41 

Dredging  and  blasting  in  harbor 255, 000  00 

Total 407, 894  10 


Amount  that  can  be  profitably  expended  upon  each  work  during  the 
next  fiscal  year: 

Buffalo  Harbor $206,762  19 

Buffalo  sea  wall 000, 000  00 

Dunkirk  Harbor 72, 681  24 

Collection  district  in  which  each  work  is  located: 

Buffialo  Harbor  and  sea  wall,  in  the  district  of  Buffalo  Creek,  New 
York. 
Dunkirk  Harbor,  in  the  district  of  Dunkirk,  New  York. 

At  or  near  what  port  of  entry,  light-house,  or  fort,  each  work  is  located : 

Buffalo  Harbor  and  sea  wall  are  near  Fort  Porter,  New  York.  Light- 
house on  south  pier.    Beacon  on  middle  re^f. 

Dunkirk  Harbor  has  light-house  on  main  land.  Beacon  at  end  of  west 
pier. 

Amount  of  revenue  collected  at  the  nearest  port  of  entry  for  the  last 
fiscal  year: 

Collection  district  of  Buffalo  Creek,  New  York $479, 138  97 

Collection  district  of  Dunkirk,  New  York 6, 281  73 

Amoxmt  of  commerce  or  navigation  which  would  be  benefited  by 
completion  of  each  particular  work: 

Buffalo  Harbor. 


Name  of  work. 


BuilUo  Harbor,  New  York. . . 
Dnnklrk  Harbor,  New  York. 


Entauncesand 
dearanoes. 


11,333 
981 


Tonnage. 


4,993.990 
68,858.75 
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ASSTBAOT  OP  FHOFOSAI^  ATTACHED. 

Abttract  of  eoniracU  for  each  elata  of  matenab  or  labor  for  eooA  icorfr, 
I  of<x^ ' 


with  names  ofcontractort. 


Ifame  of  trork. 


Nftme  of  oootractor  and  what  he  oontiscta  for. 


Bnffido  Harbor,  New  York. . 


J.  E.  &  D.  E.  Bailey,  of  Toledo,  Ohio,  and  Alonio  D. 
Denny,  of  Detroit,  Michigan,  for  all  material  and 

Ifot  nnder  contract. 

Hart  &,  Jennings,  of  Fnlton,  New  York,  for  all  labor, 
and  also  for  tinibet  and  lumber  for  bioakwater. 
BaUey  &  Denny,  of  Buffalo,  New  York,  f«r  all  material 
for  repair  of  weat  pier.  Pratt  &  Co.,  of  BofEalo,  New 
York,  for  all  iron  material  for  breakwater. 


Statement  of  eatkrto^Ktd  andexpmdedonaeeomtqf  eaAteork  during  Jitoal  year,  andoi 
of  iqwn^rialiaii  taiaUablt  Jum  30,  1869,  and  amount  required  for  tb«  year  enAmg 


\i 


ft 


No  repairs  will  probably  be  required  on  any  of  the  works  for  the  next 
three  years.    After  that  time  $1,000  per  annum  for  each  harbor  may  be 
reqaired  to  keep  the  piera  and  breakwater  in  repair.    The  channel 
dredging  at  Buffalo  Harbor  is  done  anniial^  by  the  city  authorities. 
Kespectfolly  submitted. 

F.  HABWOOD, 
Captain  Engineers  anA  Brevet  Lieutenant  Colonel  U.  8.  A. 
Brevet  M^or  General  A.  A.  Hdmphbbys, 

Brigadier  General  and  Chief  of  Engineers, 

Office  of  the  Chief  of  Engineers,  VTashington,  D.  C. 
NOTK. — Sketches  to  accompany  this  report  will  be  forwarded  on  roll. 
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E  1. 

United  States  Enoineeb  Office, 

Buffalo^  New  Torhy  October  10, 1868. 

Genebal:  I  have  the  honor  to  report  that  the  west  pier  at  Dunkirk, 
New  York,  was  breached  by  the  gale  of  the  nights  of  October  7  and  8, 
involving  the  partial  loss  of  seven  cribs,  with  so  much  of  the  superstmct- 
ure  as  was  buHt  over  them;  in  all  210  running  feet  of  the  work.  At  the 
time  of  the  occurrence  of  the  accident  the  pier  was  nearly  finished,  and 
it  was  expected  to  close  the  work  at  the  end  of  the  present  month. 

All  the  cribs  were  down  and  Med,  and  the  superstructure  almost 
completed,  and  had  nearly  all  its  ballast  in. 

The  portion  over  the  cribs  carried  away  was  about  two-thirds  filled. 
The  accompanying  Sketch,  Ko.  1,  wiU  give  an  idea  of  the  condition  of  the 
work. 

The  seven  cribs,  having  parted  at  the  joint  between  the  bottom  course 
and  the  one  next  above,  have  lost  all  their  stone  and  are  now  hanging 
by  the  bond  of  the  superstructure. 

The  foreman,  who  was  on  the  ground  at  the  time  the  breach  com- 
menced to  make,  reports  that,  as  well  as  he  could  observe,  it  started 
shoreward  and  made  gradually  toward  the  beacon  light.  Crib  No.  21 
was  first  observed  to  careen  slightly,  and  the  others,  between  it  and  the 
beacon,  followed  in  succession,  when,  after  some  time,  the  work  parted 
at  the  joint  of  cribs  No.  27  and  28,  leaving  the  latter  and  crib  No  29 
intact.  The  work  then  assumed  its  present  state,  as  shown  on  Sketch 
No.  1. 

The  following  data  and  statements  are  respectfully  submitted  in  jus- 
tice to  myself  as  engineer  in  charge,  and  in  order  to  enable  headquarters 
to  form  a  judgment  of  the  cause  of  the  disaster. 

Every  one  of  the  cribs  parted  at  the  joint  of  the  bottom  course  and 
the  one  above  it,  wrenching  out  the  bolts  and  leaving  the  bottoms 
on  their  original  site. 

Two  of  the  bottom  timbers  came  ashore,  with  most  of  the  blocks  (a,  a; 
see  Sketch  No.  2)  broken  off;  leaving  the  timber  with  essentially  a  cross- 
section  6  by  12  inches. 

Sketch  No.  2  shows  in  elevation  the  construction  of  the  cribs,  which 
is  as  designed  by  Brevet  Major  General  T.  J.  Oram,  United  States  Army, 
colonel  corps  of  engineers,  and  carried  into  execution  under  his  directions 
up  to  the  time  of  my  relieving  him  in  charge  of  the  work;  excepting 
the  oblique  direction  of  the  drift  bolts,  which  I  changed  from  the  verti- 
cal upon  taking  charge,  in  accordance  with  his  views  expressed  just 
prior  to  that  event. 

With  that  exception  the  construction  haa  been  carried  on  throughout 
the  entire  length  of  the  pier  so  far  as  cribs  No.  28  and  29,  strictly  in 
accordance  with  the  plans  and  specifications  turned  over  to  me  by  Mm 
on  my  relieving  him  in  charge  of  the  work  in  June  last. 

Oribs  Nos.  28  and  29 1  planned  to  avoid  the  obvious  weakness  of  having 
a  re-entering  at  the  beacon  light,  and  in  planning  I  took  the  liberty  of 
changing  the  construction  entirely,  as  the  shape  of  the  cribs  had  to  be 
changed. 

Those  cribs  stand  undamaged  as  before  the  gale. 

I  have  the  honor  to  submit  the  following  general  plan  for  the  repair 
and  strengthening  of  the  pier,  which  I  will  present  in  a  maturer  state, 
with  estimates,  as  soon  as  they  can  be  prepared. 

In  the  first  place,  having  made  personal  inspection  of  the  wreck,  I 
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am  of  the  opinion  that  all  the  crib  frames  can  be  sared  and  naed  again 

in  the  work,  although  the  snperstractore  and  stone  must  be  a  clear  loss. 

I  proposed  to  cut  away  the  superstructure,  float  the  crib  frames  ashore, 

draw  them  up  on  the  beach,  and  upon  such  of  them  as  are  found  in 

S>od  condition  to  place  a  bottom  of  construction  as  indicated  in  Sketches 
OS.  3  and  4,  then  launch  them  again,  turn  them  over,  and  relay  them 
and  build  over. 

That  will  restore  the  pier,  but  I  do  not  consider  it  by  any  means 
secured  by  these  measures,  as  I  am  confident  that  future  gales  would 
again  breach  it  shoreward  from  the  repaired  part.  In  order  to  prevent 
this,  I  propose  to  lay  a  line  of  buttress  cribs,  of  construction  and  dimen- 
sions as  indicated  in  Sketches  Nos.  3  and  4,  on  the  lake  side  of  the  main 
line  of  cribs,  and  breaking  joints  with  them,  building  a  superstructure 
upon  them  three  timbers  above  water,  bolt  to  the  main  superstructure, 
and  deck  over.  This,  I  think,  will  insure  the  permanency  of  the  work^ 
by  protecting  the  weak  lower  courses  of  the  cribs  now  remaining  in  line. 
If  headquarters  should  approve  this  plan,  I  respectfrdly  request  author- 
ity to  enter  into  contract  with  Uie  lowest  responsible  bidders  on  the  new 
Dunkirk  work,  in  order  to  be  able  to  obtain  screw  bolts  required  in  my 
plans.  (Abstract  of  bids  sent  to  headquarters  with  my  letter  of  15tk 
September.)  I  have  also  to  request  that  headquarters  will  furnish  me 
as  soon  as  possible  with  its  instructions,  as  I  have  ordered  the  work  to 
be  left  in  statu  quo  until  tiiose  instructions  reach  me. 

In  conclusion,  I  have  to  exonerate  the  contractor  and  his  men,  and  the 
inspector,  from  any  blame  on  account  of  this  disaster.  That  their  work 
was  well  executed  is  shown,  by  the  fact  that  the  seven  crib  frames  are 
still  hanging  by  the  superstructure,  and  that  at  several  points  there  are 
one  foot  square  timbers  snapped  in  two,  the  bolts  still  holding. 

I  respectfiilly  submit  the  case  with  this  report  to  headquarters,  with 
the  request  that,  if  consistent  with  the  good  of  the  service,  a  board  of 
officers  may  be  ordered  to  inquire  into  the  cause  of  the  disaster,  and  fix 
my  responsibility  in  connexion  therewith. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

F.  HAEWOOD, 
Captain  Engineers^  Brevet  Lieutenant  Oolanei  U.  8,  A. 

Maj.  Gen.  A.  A.  Httmphbetb, 

Chief  of  MngineerSj  Headquarters  Corps  of  Engineers. 


B2. 

United  States  Bnginbeb  Office, 

Buffalo,  N.  r.,  October  29, 1888. 

Genebal  :  I  have  the  honor  to  submit  the  following  project  for  the 
repair  and  reinforcement  of  the  west  United  States  pier  at  Dunkirk, 
l^ew  York,  accompanied  by  drawings  and  a  schedule  of  relative  expense. 

A  fuller  examination  of  the  wrecked  cribs  made  in  calm  weather,  and 
at  a  low  stage  of  water,  has  developed  the  fact  that  their  frames  are  not 
in  a  condition  to  be  repaired  to  advantage.  The  racking  due  to  gales 
which  have  occurred  before  they  could  be  rescued,  has  crushed  the 
dovetails  of  one  or  more  ties  in  each  crib,  and  parted  the  joints  to  such 
an  extent  as  to  render  the  frames  useless  as  such.  Much  of  the  timber 
and  iron  from  them  can,  however,  be  saved,  in  a  condition  for  frirther 
use  in  the  repair  and  reinforcing  of  the  pier.    The  extra  expense 
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BEOAPITTILATION. 

■ 

Project  Ifo.  1. — ^To  re-enfprce  with  18  feet  bnttress  cribs,  30  feet  long 
and  8  feet  wide:  to  repair  with  7  cribs  30  feet  long  and  18  feet  wide, 
laid  on  the  old  line,  and  complete  the  pier  head  on  the  old  plan.  Total 
cost,  $1«,542  37. 

Upon  this  I  report  adversely,  as  I  am  not  confident  that  the  cribs  are 
sufficiently  wide,  and  I  am  opposed  to  the  old  line,  on  account  of  the  re- 
entering at  the  pier  head,  only  partially  remedied  by  cribs  Kos.  28  and 
29,  and  because  this  project  leaves  the  buttress  cribs  exterior  to  the 
whole  work. 

Project  No.  2. — ^To  re-enforce  with  17  buttress  cribs  30  feet  long  and  8 
feet  wide,  and  one  15  feet  long  and  8  feet  wide ;  to  repair  with  7  cribs 
30  feet  long  and  18  feet  wide,  laid  on  line  of  buttress  cribs,  and  com- 

Jlete  pier  head  with  addition  of  cribs  b  19  and  b  20.  Total  cost, 
18,033  61. 

I  am  in  favor  of  this,  excepting  as  to  the  width  of  cribs,  which  I 
consider  insufficient. 

Project  No.  3. — Same  as  Ko.  2,  excepting  to  make  buttress  cribs  10  feet 
wide  and  cribs  for  repairs  20  feet  wide.  Total  cost,  $19,923  84;  which 
last  project  is  respectfully  recommended  for  adoption. 

In  calculating  the  extra  expenditure  firom  the  appropriation  necessi- 
tated by  the  carrying  out  of  either  of  these  projects,  there  is  to  be 
deducted  the  cost  of  so  much  of  the  work  remaming  to  be  done  on  the 
wrecked  section  at  the  time  of  its  carrying  away.  This  amounts  to 
$2,335  48,  which  being  deducted  from  each  of  the  above,  leaves  for  total 
additional  expenditure  for — 

Project  No.  1 $14,206  89 

Add  10  per  cent,  for  contingencies p  . .  ^ .        1, 420  68 

Total 15,627  57 

Project  Ifo.  2 $16, 698  13 

Add  10  i)er  cent,  for  contingencies ,  • .        1, 669  81 

Total 17,267  94 

PrcgectNo.3 $17,588  36 

Add  10  per  cent,  for  contingencies 1, 758  83 

Total 19,347  19 

•  ■   ■     '■   — 

F.  B. — ^A  comparison  between  the  value  of  the  material  saved,  as 
reported  by  the  inspector,  and  the  expense  incurred  in  removing  the 
wreck,  shows  about  $100  in  favor  of  tlie  United  States. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

F.  HABWOOD, 
Captain  Engineers^  Brevet  Lieutenant  Colonel  U.  8.  A. 

Major  General  A.  A.  Hxjmphbeys, 

Chief  of  Engineers^  Headquarters 

Corps  of  Engineers^  WashingUm^  D.  C. 
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Schedule  of  comparative  expense  for  the  repair  and  re-enforcement  of  the 

west  United  States  pier  at  Dunkirk^  New  York. 

Damage  done  by  gale  of  October  7  and  8, 1868: 

Inciibs $5,041  Q^ 

In  snperstractnre 1, 944  45 

Total  damage 6, 986  13 

BELATiyS  COST  OF  CBIBS. 

K.  B.— All  cribs  to  be  30  feet  in  length. 

For  repair. 

Old  style,  18  feet  wide 1 . . . .         $720  24 

New  style,  18  feet  wide 731  10 

New  style,  20  feet  wide 798  79 

Total  in  cribs  for  repairs. 

Old  style,  18  feet  wide,  7  cribs. $5, 041  68 

Few  style,  18  feet  wide,  7  cribs.    (Projects  1  and  2) 5, 117  70 

New  style,  20  feet^wide,  7  cribs.    (Projects) 5,691  53 

For  re-e^nforcement. 

Buttress  crib,  8  feet  wide $326  93 

Buttress  crib,  10  feet  wide 367  89 

Total  in  cribs  for  re-enforcement. 

Buttress  cribs,  8  feet  wide,  18  such.    (Project  No.  1) $5, 884  74 

Buttress  cribs,  8  feet  wide,  17 J  such.    (Project  No.  2) 5, 679  47 

buttress  cribs,  10  feet  wide,  17  J  such.    (Project  No.  3) 6, 396  27 

Buttress  cribs,  619  and  620,  at  pier  head.    (Project  Nos.  2 

and  3) 1,242  02 

EELATIYE  COST  OF  StTPEBSTEUCTUBfi. 

For  repair. 

To  6  feet  in  height,  over  7  cribs  18  feet  wide.    (Project  Nos. 

land 2) \ $3,036  27 

To  6  feet  in  height,  over  7  cribs  20  feet  wide.    (Project  No. 

3) 3,468  24 

For  re-enforcement. 

To  1  foot  in  height,  over  18  buttress  cribs  8  feet  wide. 

(Project No.  1) $1,260  00 

To  1  foot  in  height,  over  17}  buttress  cribs  8  feet  wide. 

(Project  No.  2) 1, 209  94 

To  1  foot  in  height,  over  17}  buttress  cribs  10  feet  wide. 

(Project  No.  3) 1,477  57 

To  6  feet  in  height,  bver  2^19  and  2^20.    (Project  Nos.  2  and 

3) 504  55 
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TOTAL  COST  OP  COMPLETION  OP  PIBB  HEAD. 

Project  Ko.  1,  superstructure  of  cribs  28  and  29 $ly  243  66 

Project  Nos.  2  and  3,  which  includes  cribs  519  and  620  with 
superstructure  over  them,  and  cribs  28  and  29,  which 
latter  are  already  built,  laid  and  paid  for 2, 990  23 

Total  cost — ^Project  No.  1. 

For  repair. 

In  cribs $5,117  70 

In  superstructure 3, 036  27 

8,163  97 

For  re-enforcement 

In  cribs 6, 884  74 

In  superstructure 1, 260  00 

7, 144  74 

To  complete  pier  head,  superstructure  over  cribs  No.  28 

and  29 1 ,  243  66 

Total 16, 642  37 

Project  No.  2. 

For  repair. 

In  cribs  and  superstructure,  being  the  same  as  in  project 
No.  1 $8,153  97 

For  re-^nforcement 

In  cribs $5,679  47 

In  superstructure 1, 209  94 

6,889  41 

To  complete  pier  head. 

Cribs  619  and  520,  and  superstructure  over  them,  and  cribs 
28  and  29 2, 990  23 

Total 18,033  61 

Project  No.  3. 

For  repair. 

.  In  cribs $5, 591  53 

In  superstructure 3, 468  24 

$9, 059  77 

For  re-enforcement 

In  cribs 6,396  27 

In  sut)erstructure 1, 477  57 

7, 873  84 

To  complete  pier  head  as  in  project  No.  2 2, 990  23 

Total '. 19,923  84 
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From  each  of  which  projects  dedact  cost  of  work  remaining  to  be  done 
when  the  damage  occurred^  viz: 

ALL  IN  SUPEBSXBTJOTUIUB. 

Over  the  7  cribs $1, 091  82 

Over  cribs  Nos.  28  and  29 1,243  66 

$2, 335  48 

Leaving  for  the  additional  expenditure  due  to  each  project  as  follows: 

Project  No.  1 $16, 642  37 

Dedact 2, 335  48 

$14, 206  89 

Add  10  per  cent,  for  contingencies 1, 420  68 

15, 627  57 

Project  No.  2 $18, 033  61 

Deduct 2,335  48 

$15, 698  13 

Add  10  per  cent,  for  contingencies 1, 669  81 

17, 267  94 

Project  No.  3 $19, 923  84 

Deduct 2,336  48 

$17, 588  36 

Add  10  per  cent,  for  contingencies 1, 758  83 

19,347  19 

F.  HAEWOOD, 
Captain  Engineers  aaid  Brevet  Lieutenant  Colonel  U*  8.  A. 
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E3. 

United  States  Bngineeb  Office, 

BuffalOj  K  r.,  November  10, 1868. 

Genebal:  In  my  memoir  of  October  29, 1868,  on  the  subject  of  the 
repair  and  reinforcement  of  the  west  United  States  pier  at  Dunkirk, 
N.  Y.,  I  propose  to  reinforce  by  buttress  cribs  on  the  lake  side  of  the 
pier. 

To  explain  the  reason  for  this  position  which,  unexplained,  may  appear 
somewlukt  anomalous,  I  have  tibie  honor  to  call  the  attention  of  head- 
quarters to  my  report  of  October  10, 1868,  on  the  manner  in  which  the 
break  occurred.  It  wiU  be  seen  from  that  report  that  the  wrecked  cribs 
parted  from  their  bottoms,  wrenching  the  bolts  out  of  the  lower  side 
courses,  and  breaking  the  blocks  a  a  off  fix)m  them,  leaving  the  timbers 
essentially  6  inches  by  12  inches  in  cross-section,  whereas  originally  they 
were  1  foot  11. 

In  saving  the  wrecked  cribs  the  fact  has  been  developed  that  this 
action  took  place  in  every  one  of  the  wrecked  cribs,  save,  perhaps,  crib 

11 
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No.  24 — ^the  only  one  which  now  remains  in  the  position  into  which  it  was 
swung  by  the  gale.  It  was  also  reported  to  me  by  eye-witnesses  that 
the  action  was  gradual,  the  cribs  one  after  another  careening  townward. 
It  thus  appears  that  the  parting  of  the  lower  courses  began  as  would 
naturaJly  be  the  case  on  the  lake  side.  That  side  is  therefore  the  one 
which  particularlly  needs  protection,  and  therefore  I  propose  to  put  the 
buttrdss  cribs  on  that  side  to  protect  the  weak  lower  courses  from  the 
direct  action  of  the  sea,  to  which  they  would  otherwise  be  exposed. 

Were  the  buttress  cribs  to  be  placed  on  the  townward  side  it  would  be 
necessary,  in  my  opinion,  to  build  the  superstructure  of  the  buttress  cribs 
squarely  up  to  the  level  of  the  pier  itselfc  which  would  greatly  increase 
the  cost  of  reinforcing;  and  even  then,  I  do  not  think  the  combination 
would  be  as  strong  as  the  one  already  proposed,  having  buttress  cribs 
on  the  lake  side  with  only  one  coarse  of  superstructure,  because  in  a 
heavy  gale,  the  defective  lower  courses  of  the  main  pier  being  directly 
exposed  to  the  action  of  the  sea,  the  least  settling  townward  of  the  but- 
tress cribs,  they  being  on  the  townward  side,  would  render  possible  the 
opening  of  the  lower  lake  side  courses  of  the  main  work,  as  in  the  gale 
of  October  7th  and  8th  ,*  and  this  action  once  begun,  if  to  the  extent  of 
allowing  the  flat  slate  filling  to  be  sucked  out  by  the  rifling  through  the 
opened  seam,  would  of  course  eventually  result  in  at  least  a  serious  dam- 
age to  the  work,  if  not  a  complete  wreck.  I  therefore  cling  to  the  opin- 
ion that  the  buttress  cribs  in  this  case  should  be  on  the  lake  side. 

I  am  not  apprehensive  of  any  great  settling  of  the  buttress  cribs  to 
lakeward  from  the  pier,  should  they  be  placed  on  the  lake  side,  which 
action  might  be  expected  in  ordinary  cases,  for  the  reason  that  the  solid 
rock  is  found  at  no  place  on  the  line  of  the  pier  at  a  greater  distance 
than  two  feet  irom  the  natural  bottom  of  the  lake.  This  is  shown  by 
the  fact  that  the  stone  has  settled  through  the  grillage  of  the  cribs  built 
with  open  bottoms  not  more  than  18  inches  in  any  place,  and  qo  crib 
frame  has  settled  more  than  eight  inches.  The  slight  careening  lake- 
ward  of  the  buttress  cribs  which  might  possibly  occur  at  some  points, 
due  to  even  this  slight  settling,  can  be  remedied  by  allowing  those  cribs 
to  stand  until  fully  settled,  then  level  up  and  pack  any  ax>ertures  which 
may  occur  between  the  buttress  cribs  and  main  pier,  and  fit  the  course 
of  superstructure  over  the  top  mb  timber  and  packing  in  such  a  man- 
ner as  to  make  a  tight  joint. 

I  am  of  opinion  that  such  precaution  being  taken,  there  coidd  be  no 
danger  of  any  further  parting  of  the  buttress  from  the  pier. 
I  am,  general,  very  respectfully,  your  obedient  servant, 

F.  HAEWOOD, 
Captain  Engineers^  Brevet  Lieutenant  Colonel  U.  S.  A. 

Maj.  Gen.  A.  A.  Humfhbeys, 

Chief  of  UnffineerSj  Headquarters 

Corps  Engineers^  Washington^  D.  C 


Headquabtebs  Corps  of  ENomBEBS, 

Washington,  D.  0.,  November  12, 1868. 

Colonel:  Tour  letter  of  the  10th  instant,  giving  your  reason  for  rein- 
forcing the  west  United  States  pier  at  Dunkirk  on  the  lake  side,  &c., 
has  been  received. 

Your  explanation  is  satisfactory,  and  you  are  authorized  to  repair  and 
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reinforce  the  pier  referred  to  iu  accordauce  with  the  plan  and  recommen- 
dations submitted  in  your  letters  of  October  10th  and  29th,  1868. 
Very  respectfully,  your  obedient  servant, 

JI^O,  G.  PAEKE, 
Major  of  Engineers^  Brevet  Major  OeneraL 

By  command  of  Brig.  Gen.  Humphreys. 

Gapt  and  Brevet  Lt  CoL  F.  Habwood, 

Corps  of  Ungineers^  Buffalo^  N.  T. 


E  4. 

United  States  Enghneee  Office, 

BuffaJoy  N.  r.,  November  20, 1868. 

GeKbbal:  By  headquarters  instructions  of  October  16,  1868,  I  am 
required  to  prepare  and  submit  sketches  showing  the  projected  improve- 
ments of  the  harbors  under  my  charge. 

The  project  of  a  south  channel  from  Lake  Erie  into  Buffalo  Greek 
was  a  part  of  the  general  scheme  brought  to  the  consideration  of  the 
board  of  engineers,  of  January,  1867,  on  the  improvement  of  Buffalo 
Harbor,  and  was  by  that  board  indorsed  in  the  following  terms:  "The 
upper  inlet  or  canal  proposed  to  afford  a  direct  entrance  from  the  lake 
to  the  upper  or  southern  portion  of  the  inner  harbor,  (which  is  the  Buf- 
falo Greek,)  thus  giving  an  additional  ingress  and  egress,  is  considered 
important  to  the  inner  harbor,  and  whenever  it  is  made  will  add  largely 
to  the  convenience  of  commerce.'' 

The  proceedings  of  that  board  having  been  approved  by  headquarters, 
it  is  understood  that  the  projected  south  channel  is  to  be  accounted  as 
one  of  the  proposed  improvements  of  Buffalo  Harbor,  and,  therefore,  to 
be  marked  on  the  sketch  showing  these  improvements.  But  before  so 
doing  it  is  necessary  to  decide  upon  the  general  plan  and  course  of  the 
channel,  which  were  not  determined  by  the  board,  the  matter  having  only 
received  a  general  consideration  and  approval. 

I  therefore  have  indicated  on  the  sketch  a  plan  which  I  have  projected 
after  much  thought  and  deliberation,  and  which  I  believe  to  combine  to 
the  greatest  extent  possible  at  this  locality  the  elements  of  economy, 
durability,  and  accessibility,  all  three  of  which  are  very  necessary  to  the 
success  of  a  project  which  has  never  met  with  much  favor  in  any  quarter, 
although  quite  generally  admitted  to  form  a  very  desirable  part  of  the 
general  scheme  of  improvement.  This  plan  is  respectfully  submitted  as 
combining  the  best  features  of  the  previous  plans,  hereafter  enumerated, 
and  I  am  bold  to  assert  that  I  am  confident  that  it  will  effect  tlie  object 
of  making  a  secure  and  aecessible  channel  at  a  cost  not  disproportionate 
to  the  advantages  to  the  commerce  of  the  port  which  must  necessarily 
result  from  its  construction. 

I  append  herewith  a  sketch  which  will  give  a  comparative  view  of  the 
most  prominent  schemes  heretofore  devised,  together  with  the  one  which 
I  have  adopted  from  them  all. 

It  is  necessary  to  premise  by  stating  that  the  site  of  these  projects,  as 
well  as  the  one  herewith  submitted,  is  a  little  over  a  mile  from  the  mouHi 
of  the  creek,  and  thei  soil  in  which  the  excavation  must  be  made  is  a 
stiff  clay,  overlain  by  about  eight  inches  of  sand. 

Some  years  ago  an  attempt  was  made  to  construct  a  channel  from 
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Lake  Erie  into  the  Blackwell  Canal,  A^hich  attempt  proved  a  disas- 
trous failare,  and,  as  I  think,  simply  because  it  was  not  made  in  the 
right  manner  and  with  the  proper  precautions.  The  site  is  indicated  on 
the  appended  sketch,  and  all  that  remains  to  show  it  is  the  double  row 
of  piles  there  indicated.  It  appears  that  an  excavation  was  actually 
made  100  feet  wide,  and  to  a  depth  of  nearly  14  feet  below  water  level, 
from  Lake  Erie  to  the  Blackwell  Canal,  the  lake  being  separated  from 
the  canal  by  a  temporary  dam.  A  gale  arose  which  breached  the  dam 
and  tilled  the  cut  with  sand  up  to  the  general  level  of  the  beach,  where- 
upon the  enterprise  was  abandoned,  and  which  disaster,  I  presume, 
contributes  to  a  considerable  extent  to  the  general  distrust  of  further 
projects  of  like  nature  at  that  point.  From  this  disaster  we  learn,  as  a 
little  forethought  might  have  previously  shown  to  the  projectors  of  the 
work  above  referred  to,  that  it  is  useless  to  attempt  to  make  a  channel 
from  Lake  Brie  into  Buffalo  Creek  without  previously  protecting 
effectually  the  Lake  Erie  entrance  from  the  effects  of  gales,  and  this  can 
only  be  done  by  first  building  the  protecting  piers  which  must  at  any 
rate  eventually  be  constructed,  being  a  very  essential  feature  of  the 
entire  project. 

It  is,  perhaps,  as  well  that  this  project  did  fail,  inasmuch  as  the  cut 
was  to  have  been  made  so  nearly  at  right  angles  to  the  axis  of  the 
Blackwell  Canal  at  the  point  of  entrance,  that  it  would  have  been  almost 
impossible  for  vessels  of  such  lengths  as  we  have  at  present  to  have 
passed  in  or  out. 

The  next  project  I  find,  which  still  retains  this  faulty  position  of  the 
cut,  proposes  to  defend  the  Lake  Erie  entrance  by  a  pier  running  the 
same  course  as  the  south  United  States  pier  at  the  mouth  of  the  creek, 
and  extending  into  the  lake  to  20  feet  soundings;  also  to  mark  the  chan- 
nel limit  on  the  north  side  by  a  short  pier  of  less  width.  This  device, 
while  effectual  in  protecting  the  LaKC  Erie  entrance,  at  the  same  •time, 
by  reason  of  the  abrupt  turn  it  necessitates  at  that  point,  makes  the 
entrance  quite  as  impracticable  as  the  exit  at  the  other  end  due  to  the 
erroneous  course  of  the  channel  which  it  still  retained. 

The  direction  of  this  pier  is  indicated  on  the  sketeh  in  dotted  blue,  al- 
though not  its  fall  length.  I  have  made  use  of  the  idea  to  suggest  a 
plan  which  might  be  used  in  case  a  great  saving  in  the  items  of  piering 
might  be  desirable,  even  at  the  expense  of  convenience  of  ingress  and 
egress.  A  single  pier,  as  indicated  on  the  sketeh,  with  the  north  limit 
of  the  channel  defined  and  preserved  by  a  close  row  of  piles,  woidd  be 
the  least  expensive  and  yet  effectual  protection  to  the  Lake  Erie  entrance. 
But,  at  the  same  time,  the  channel  would  be  inconvenient  of  access  to 
all  vessels,  and  almost  impracticable  to  those  of  great  length.  I  tiiere- 
fore  reject  this  plan,  excepting  as  a  last  expedient,  for  the  reason  that 
I  consider  it  important  that  a  work  of  this  nature  i^ould  be  so  constructed 
as  to  meet  the  wants  of  commerce  folly  for  all  time,  so  far  as  we  can 
judge  of  what  those  wants  will  be  in  the  future. 

I  now  pass  to  my  own  experience  and  researches  as  to  the  best  direc- 
tion and  construction  of  this  channel.  Upon  his  assuming  charge  of  the 
works  of  improvement  of  Buffalo  Harbor,  Brevet  Major  General  T.  J. 
Cram,  colonel  of  engineers^  directed  me,  among  other  duties  assigned  to 
me  as  his  assistant  at  Buf^o,  to  make  a  carefril  examination  and  survey 
of  the  ground  in  the  vicinity  of  the  site  of  the  old  project  for  the  south 
channel,  and  to  select  and  submit  to  him  a  site  which  should  fulfill  the 
conditions  of  necessitating  the  minimum  amount  of  excavation  and  yet 
have  the  axis  of  the  proposed  channel  intersect  that  of  Buffalo  Creek  at 
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an  angle  convenient  for  the  passage  to  and  fro  of  vessels  of  the  greatest 
length  now  on  the  lakes. 

This  task  was  fulfilled  in  the  fall  of  1867,  and  the  result  submitted 
with  a  survey,  the  essential  part  of  which  is  reproduced  on  the  inclosed 
sketch.  The  ground  within  the  blue  lines  was  reported  as  fulfilling  the 
prescribed  conditions  to  the  best  advantage.  Upon  relieving  Gener^ 
Cram  in  charge  of  the  works  at  Buffalo  in  the  spring  of  the  present  year, 
I  received  irom  him  plans,  specifications,  and  bills  of  materials  for  a 
proposed  south  channel  based  on  my  survey  of  la<st  year. 

The  project  indicated  by  his  plans  and  specifications  is  shown  in  full 
blue  lines,  and  to  this  project,  after  Ml  consideration,  I  dissent,  for 
reasons  which  I  will  proceed  to  set  forth : 

1st.  As  to  the  direction  of  the  piers.  This  is  not  laid  down  on  Gen- 
eral Gram's  drawing,  but  it  is  inferred  from  their  lengths  that  they  were 
intended  to  be  placed  as  indicated  in  the  appended  sketch.  Any  other 
position  not  open  to  the  objection  I  am  about  to  make  wotdd  be  open 
to  the  one  already  made,  of  making  the  turn  at  the  Lake  Erie  entrance 
too  acute.  Discussing,  therefore,  the  direction  of  the  piers  as  indicated 
in  full  blue,  there  is  first  to  be  borne  in  mind  the  object  of  piers  at  the 
Lake  Erie  entrance,  viz :  to  prevent  the  choking  up  of  that  entrance  by 
sand  brought  along  by  the  littoral  current  and  thrown  shorewaid  by  the 
seas  resulting  from  westerly  gales. 

Will  the  Erection  of  the  piers  S'  and  W  prevent  this  from  taking 
placet  I  say  no.  At  the  first  start  there  is  no  cause  for  apprehension, 
because  the  littoral  current  bringing  down  the  sand  in  suspension  will 
deposit  it  in  the  angle  A.  But  when  that  angle  is  filled  to  the  level  of 
the  beach,  which  will  not  be  very  long,  (judging  from  what  happened  to 
the  channel  when  it  was  destroyed,)  and  when  the  shore  makes,  as  it 
will  eventually,  in  a  curve  out  to  the  very  end  of  the  south  pier  S',  how 
can  liie  14  feet  of  water  be  preserved  at  that  point,  and  what  is  to  pre- 
vent thejchannel  frt)m  choking  up,  as  in  the  case  of  the  old  one,  on  the 
first  heavy  gale  after  the  beach  reaches  the  pier-head  t  The  direction 
of  the  heaviest  seas,  determined  by  personal  observation  on  my  part,  is 
laid  down  on  the  sketch.  A  comparison  of  this  direction  with  the  course 
of  the  piers  will  illustrate  my  course  of  reasoning. 

This  course  of  reasoning  led  me  to  the  conclusion  that  no  system  of  paral- 
lel piers  would  answer  in  this  locidity,  unless  inclined  to  the  northward  of 
the  general  direction  of  heavy  seas,  which  would  m  ake  the  objectionable  ab- 
rupt turn  at  the  lake  entrance  of  the  cut,  and  even  then  the  south  pier  must 
be  made  much  longer  than  the  north  one  in  order  to  force  the  bar,  which 
must  inevitably  form  at  some  time  or  other,  to  make  at  a  sufficient  distance 
from  the  north  pier-head  to  admit  of  a  channel  remaining  between  that 
pier-head  and  the  probable  bar  sufficient  for  vessels  to  pass  until  the  bar 
could  be  dredged  away.  But  this  gives  another  sharp  turn  at  the  north 
pier-head,  and  taken  £Jtogether,  a  very  inconvenient,  indeed  almost  inac- 
cessible channel. 

I  advance,  therefore,  the  following  propositions : 

1st.  That  the  littoral  current  holding  the  sand  in  suspension,  would 
form  either  a  beach  or  a  shoal  against  the  south  pier,  no  matter  what 
its  course.  2d.  That  the  beach  or  shoal  when  made  would  constitute  a 
magazine,  from  which  in  gales  of  wind  sufficient  sand  would  be  drawn 
in  one  gale  to  form  a  serious  bar  at  the  head  of  that  pier.  3d.  That  in 
the  case  of  the  two  parallel  piers  S^  and  K',  this  bar  will  almost,  if  not 
quite,  fill  the  channel  and  render  it  inaccessible  for  a  time  until  it  shall 
have  been  removed,  at  a  great  expense  sufficient,  perhaps,  to  counter- 
balance  the  advantage  of  having  a  channel  at  this  point,  in  which  case 
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that  channel  would  meet  the  fate  of  the  old  attempt  before  referred  to. 
That  disastrous  project  might,  perhaps,  be  adduced  as  sufficient  argu- 
ment to  condemn  the  project  of  two  parallel  piers  only,  as  a  defense  to 
the  Lake  Erie  entrance;  but  in  order  to  elucidate  the  subject  fully,  I  have 
to  request  attention  to  the  appended  sketch,  on  which  I  have  indicated 
the  probable  bars,  marked  B. 

Now  I  argue  that  these  deposits  will  be  comparatively  trivial  in  all 
cases  but  one,  and  that  the  plan  indicated  in  blue  and  it«  similar  cases. 
In  that  case  the  waves  having  thrown  the  sand  in  suspension  it  will  be 
borne  along  by  the  littoral  current,  and  finding  the  cut  as  indicated  in 
blue,  with  open  arms  ready  to  receive  it,  will  be  forced  into  that  cut,  and, 
I  venture  to  say,  but  little  sand  will  pa«s  the  cut  until  the  gale  subsides. 
This  of  course  will  necessitate  a  f6rmidable  amount  of  dredging  after 
each  gale,  and  in  my  opinion  more  than  could  be  profitably  done.  In 
fact  I  think  that  the  cut  under  such  circumstances  would  have  to  be 
abandoned. 

Therefore,  after  due  thought  and  mature  deliberation,  I  have  pro- 
jected the  plan  indicated  in  red,  which  is  respectfully  submitted  as  best 
combining  the  three  essentials,  economy,  aecessibility,  and  durability. 

1.  Economy. — On  this  score  as  well  as  that  of  accessibility  I  have 
selected  the  site  of  the  old  cut  for  the  lake  entrance.  To  carry  it  further 
to  the  southward  would  make  the  curve  of  entrance  too  abrupt,  and 
bring  us  on  no  lower  ground.  To  carry  it  further  to  the  northward 
would  bring  us  on  higher  ground  and  necessitate  more  excavation. 

On  the  site  of  the  old  cut  where  I  have  located  the  entrance  I  gain  an 
easy  curve,  and  beside,  the  advantage  of  the  old  excavation,  which  is 
filled  in  with  loose  sand  only,  and  lies  almost  entirely  within  my  project, 
thus  saving  me  just  that  much  excavation  in  clay. 

After  leaving  the  Lake  Brie  entrance  I  take  as  nearly  as  possible  the 
route  of  my  survey  of  1867,  which  follows  the  lowest  ground.  I  incline 
slightly  to  the  northward  in  order  to  avoid  the  limit  of  outcropping 
rock  in  Bufialo  Creek,  so  as  to  get  rid  of  the  contingency  of  blasting. 

For  the  rest  on  this  point  I  have  the  honor  to  call  attention  to  the 
comparative  estimates  herewith  appended  drawn  between  my  plan  and 
that  indicated  by  General  Cram's  plan  and  specifications,  by  which  it 
appears  that  my  project  is  much  the  cheaper  of  the  two. 

2.  Accessibility. — Beginning  with  the  Lake  Brie  entrance  I  have  to 
invite  attention  to  sketch  A,  which  shows  the  construction  which  I  have 
adopted. 

To  avoid  the  difficulties  heretofore  discussed,  I  run  out  my  parallel 
piers  at  right  angles  to  the  beach,  which  position  is  the  most  natural, 
gives  the  least  amount  of  dredging  between  the  piers,  and  forms  the 
most  effectual  barrier  to  the  sand  borne  along  by  the  littoral  current. 
I  then  run  off  from  the  south  pier,  at  an  angle  to  the  direction  of  heavy 
seas,  a  prolongation  S«,  the  end  of  which  resting  in  about  20  feet  water, 
shall  be  500  feet  from  the  north  pier  head  and  overlapped  as  to  the  course 
of  hea\iest  seas  nearly  200  feet.  I  thus  give  smooth  water  at  the  mouth 
of  the  cut,  and  allowing  for  the  formation  of  the  probable  bar,  will, 
according  to  my  observations  at  the  present  mouth  of  the  creek,  even 
after  the  severest  gale,  have  at  least  350  feet  channel  between  the  bar 
and  the  north  pier  head.  This  bar  will  only  form  in  the  interval  of  time 
between  the  subsidence  of  the  sea  and  the  ultimate  settling  of  the  sand 
in  suspension;  for  while  the  sea  is  up,  striking  against  the  pier  prolon- 
gation Bs  it  is  deviated  in  a  course  opposed  to  the  direction  of  the  littoral 
current,  and  will  drive  the  sand  in  suspension  back  to  the  edge  of  the 
«hoal  or  beach,  as  the  case  may  be,  at  the  salient  Q.    It  is  only  when  the 
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force  of  the  incoming  sea  has  ceased  to  act^  that  the  littoral  current  will 
again  resume  its  course.  Thus  the  very  force,  which  in  the  project  I 
have  already  objected  to  would  tend  to  fill  the  cut  with  sand,  I  make 
use  of  to  dimini^  the  extent  of  the  inevitable  bar.  Two  hundred  feet  is 
the  minimum  width  of  a  straight  reach  of  channel  for  the  proper  accom- 
modation of  modem  lake  shipping.  Where  curves  occur  this  width 
should  be  increased  more  or  less,  according  to  the  greater  or  less  degrees 
of  curvature. 

From  the  350  feet  wide  entrance  between  the  shoal  and  the  north  pier 
head  the  channel  narrows  down  to  220  feet  in  the  straight  reach,  the  20 
feet  over  the  200  being  necessary  to  allow  200  feet  in  the  jaws  of  the 
channel  at  the  junction  with  the  beach.  Thence  I  widen  out  toward 
Buffalo  Greek  in  order  to  give  250  feet  radius  to  the  tangent  curve  at 
the  next  bend,  which  is  about  the  minimum  admissible  for  the  accommo- 
dation of  vessels  of  such  lengths  as  we  have  at  present  on  the  lakes. 
From  this  curve  £  propose  to  narrow  down  again  to  200  teet  in  width  at 
the  BufGftlo  Greek  entrance.  This  course  is  resi>ectfully  submitted  as 
the  best  as  to  accessibility  that  the  circumstances  of  the  case  will  aUow^ 
still  having  due  regard  to  economy. 

3.  Jhtrdbility, — ^As  regards  this,  I  place  my  principal  dependence  on 
the  prolongations  S«,  which  will  defend  the  entrance  from  the  .inroads 
of  the  sand,  and  keep  the  channel  serviceable.  I  propose  to  construct 
the  prolongation  of  substantial  crib  work,  varying  in  width  from  20  feet 
at  Q  to  30  feet  at  the  pier  head.  For  the  remainder  of  the  channel,  I 
propose  to  adopt  the  construction  indicated  by  General  Gram  in  his 
plans  and  specifications,  excepting  the  pier  2^,  which  being  in  the  case 
of  my  project  entirely  protected  by  the  pier  S,  S«.  I  do  not  consider  it 
necessary  to  give  it  a  greater  width  than  12  feet,  that  of  the  canal  diking. 
The  mode  of  construction  proposed  by  General  Gram,  while  more 
economical  than  crib  work,  can  be  used  to  good  advantage  in  the  less 
exx>osed  positions,  being  especially  suited  to  the  particular  locality,  the 
soil  being,  as  before  stated,  a  stiff  clay  overlaid  by  a  thin  stratum  of 
sand  not  more  than  eight  inches  in  thickness  at  any  point.  It  has  been 
urged  in  opposition  to  this  channel  that  it  could  never  be  maintained 
even  when  constructed;  that  the  dredging  required  to  keep  it  open 
would  be  so  great  as  to  swallow  up  in  its  cost  the  advantages  to  be 
gained  from  having  the  channel.  This  might,  indeed,  be  feared  were  the 
excavation  all,  or  principally  in  sand  or  other  loose  soil.  But,  being 
principally  in  clay,  we  have  nothing  to  fear  excepting  from  the  accumu- 
lation of  the  sand  brought  along  by  the  littoral  current,  and  this  I  claim 
to  have  fully  provided  for  by  interposing  the  pier  prolongation  S«  at 
the  Lake  Erie  entrance,  which  I  expect  to  prevent  the  ingress  of  any  of 
the  Lake  Erie  sand  further  than  the  bar  B. 

The  objection  which  has  also  been  made,  that  the  proposed  cut  would 
damage  the  shipping  interests  of  the  lower  interior  harbor,  may  also  be 
answered  in  a  similar  way. 

In  fair  weather  there  is  no  appreciable  current  in  Buffalo  Greek  at  the 
point  where  it  is  proposed  to  cut  the  channel,  the  water  in  it  and  Lake 
Erie  standing  practically  at  the  same  level.  1  therefore  do  not  anticipate 
any  current  one  way  or  the  other  in  the  channel  after  it  is  constructed, 
exceptipg  when  the  water  of  Lake  Erie  or  Buffalo  Greek  is  disturbed  by 
some  extraneous  cause.  The  principal  disturbing  cause  in  Lake  Erie 
will  be  a  westerly  gale;  in  Buftalo  Creek  a  freshet  from  the  interior. 
Let  us  examine  the  effects  by  referring  to  those  which  now  occur  under 
like  circumstances.  Westerly  gales  pile  up  the  water  of  Lake  Erie 
against  the  Buffalo  shore,  flood  the  low  lan<l  in  the  vicinity  of  the  pro- 
posed channel,  when  the  water  subsiding  passes  oiV,  b^ick  into  the  Lake, 
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some  as  it  came,  but  a  large  volume  is  discharged  through  the  medium 
of  the  channel  of  Buffalo  Greek.  The  action  of  this  water  passing  off,  is 
of  course  somewhat  the  same  as  that  of  a  freshet  from  the  interior,  and 
the  two  may  be  discussed  together.  In  each  case,  of  course,  there  results 
a  deposit  from  the  flood,  made  at  different  points  in  the  lower  interior 
harbor.  In  the  one  case  the  sand  swept  over  from  the  lake  by  the  flood ; 
in  the  other  the  detritus  brought  down  from  the  upper  creek.  But  will 
this  deposit  be  increased  by  the  presence  of  the  cut!  I  think  not. 
There  will  be  no  current  through  it,  as  the  action  of  the  westerly  gale 
will  be  as  it  is  now,  to  back  up  the  waters  of  Buffalo  Creek  wherever 
the  water  in  Lake  Erie  in  its  rise  meets  the  waters  of  tiie  creek.  The 
water  forced  through  the  cut  meeting  then  with  the  water  forced  up  the 
creek  from  its  mouth,  will  be  eflectus^ly  stayed  and  the  deposit,  if  any, 
will  be  in  the  cut  itself  or  up  the  creek,  but  to  no  greater  extent  than 
would  have  occurred  had  not  the  cut  been  constructed,  inasmuch  as  the 
only  increment  to  the  deposit  which  might  result  from  the  existence  of 
the  cut  would  be  the  sand  of  Lake  Erie  borne  along  by  the  littoral  cur- 
rent, and  sucked  in  by  the  current  in  the  cut,  which  current  I  trust  I 
have  demonstrated  will  have  no  existence. 

If  this  be  admitted,  all  the  objections  as  to  damage  of  the  lower  harbor 
fall  to  the  ground. 

But  on  the  other  hand  there  is  an  effect  on  the  cut  itself  of  the  down- 
ward current  in  Buffalo  Greek,  resulting  from  subsiding  floods  or  freshets 
in  the  interior.  The  Buffalo  Greek  entrance  of  the  cut  being  on  the  con- 
cave bank,  the  outsweeping  current  will  probably  strike  frdl  into  it  and 
deposit  a  formidable  bar  in  the  cut  and  BlackweU  Ganal.  Should  this 
be  found  to  be  the  case,  it  will  be  necessary  to  construct  a  wing  dam,  B, 
to  prevent  it.  Or  a  still  better  plan  could  be  adopted,  having  in  view 
the  interests  of  the  up-creek  commerce,  which  wUl  become  of  importance 
as  soon  a«  the  channel  is  made.  The  cut  as  I  have  planned  it,  to  accom- 
modate the  down-stream  shipping,  has  its  Buffalo  Greek  entrance  of 
difficult  access  to  vessels  from  up  the  creek,  which  are  but  few  in  number 
at  present,  principally  barges  from  the  iron  works,  &c.,  above.  But  should 
this  shipping  increase  in  number,  as  would  probably  be  the  case  were 
the  cut  made,  it  might  be  accommodated  by  diverging  the  soutliem  canal 
dike  at  G,  and  dispensing  with  the  wing  dam  D,  bufiding  an  axial  pier 
to  the  creek,  starting  from  the  Ohio  Street  Brid.ge  and  extending  about 
400  feet:  leaving  a  channel  of  about  100  feet  between  it  and  the  east 
bank,  wnich  is  the  one  now  used.  This  would  render  the  cut  accessible 
to  up-stream  shipping,  and  yet  not  render  it  liable  to  damage  from  the 
effect  of  freshets,  for  the  pier  P,  would,  I  think,  answer  all  the  purposes 
of  the  wing  dam  D,  and  better  too. 

It  will  be  impossible  to  prevent,  entirely,  the  deposit  of  sediment  in 
the  cut  during  a  freshet;  but  either  the  wing  dam  or  pier  would  mate- 
rially diminish  the  amount,  by  deflecting  the  current  from  the  mouth  of 
the  cut,  which  current  would  carry  the  bulk  of  the  sediment  down  the 
creek.  There  would  still  exist,  of  course,  a  current  from  creek  to  lake 
through  the  cut,  due  to  the  difference  of  level  of  the  water  in  the  creek 
and  lake,  but  this,  from  the  uniformly  varied  nature  of  the  force,  would 
have  a  uniformly  varied  velocity,  and  consequently  deposit  the  sediment 
uniformly  throughout  the  cut,  excepting,  perhaps,  at  the  points  b  +  V^ 
where  small  bars  might  be  formed. 

But  I  do  not  anticipate  a  sufi&cient  dex>osit,  even  including  the  small 
bars,  to  necessitate  more  dredging  than  is  required  now,  annually,  at  the 
mouth  of  the  creek.  If  it  should  be  objected  that  the  position  of 
the  pier  would  narrow  the  channel  too  much,  the  answer  is  that  it  would 
simply  define  the  channel  as  it  now  exists,  the  bottom  of  the  creek  being 
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rocky  and  Bhoaling  toward  the  west  bank,  in  the  region  between  the  pro- 
posed pier  and  that  bank. 

The  entire  project  for  a  channel  from  Lake  Erie  into  Buffalo  Greek, 
according  to  the  plan  I  have  suggested,  will,  I  estimate,  cost  about 
$200,000. 

Twenty-flve  thousand  dollars  would  be  the  probable  additional  amount 
required  to  build  the  pier  P,  or  some  other  structure  of  like  nature  in 
the  creek,  for  the  accommodation  of  the  up-stream  shipping. 

Whether  the  advantage  resulting  to  the  commerce  of  the  lake,  from 
the  construction  of  the  proposed  channel,  would  not  fully  warrant  the 
appropriation  of  the  requisite  amount  for  that  purpose,  is  a  question 
wMch,  it  appears  to  me,  should  receive  due  consideration  when  further 
appropriation  is  made  for  the  benefit  of  this  harbor. 

I  have  been  informed  that  it  is  designed  by  persons  interested  in  this 
question  to  make  the  attempt  to  induce  i^e  next  Congress  to  make  a 
frill  and  final  appropriation  for  all  the  proi)osed  harbor  work  at  Buffalo. 
In  that  case,  and  should  Congress  see  fit  to  consider  the  matter,  it  is  as 
well  that  this  project  of  a  south  channel  should  appear  in  a  definite  form, 
and  I  have  to  plead  this  as  an  excuse  for  now  asking  the  attention  of 
headquarters  to  a  memoir  on  a  subject  which  otherwise  might  appear  too 
far  in  the  future  to  warrant  its  consideration  at  the  present  moment. 

The  project  is  therefore  submitted  for  the  consideration  of  headquarters 
whenever  the  subject  may  demand  attention. 

I  am,  general,  veiy  respectfully,  your  obedient  servant, 

F.  HAEWOOD, 
Captain  ofEngineerSy  Brevet  Lieutenant  Colonel  U.  8.  A. 

Maj.  Gen.  A.  A.  Htjmphbeys, 

Chief  of  Engineers  J  Headquarters 

Corps  of  Engineers^  Wa^skington^  2>.  C. 


Comparative  estimates  of  cost  of  construction  of  proposed  south  channel 
from  LaJce  JErie  into  Buffalo  Creek j  at  Buffalo^  New  Torh, 

The  following  is  the  estimate  based  on  plans  and  specifications  of 
Brevet  M^jor  G^ieral  T.  J.  Gram,  United  States  Army,  colonel  Corps 
of  Engineers: 

210,773  cubic  yards  excavation,  at  46  cents $94, 847  85 

2,058  r.  feet  pile  piering,  20  feet  wide,  at  $50  30 103, 517  40 

2,170  r.  feet  canal  diking,  at  $8  70 18, 879  00 

217, 244  25 
Add  10  per  cent,  for  contingencies 21, 724  43 

Total 238,968  68 


The  following  is  the  estimate  of  cost  of  project  of  Brevet  Lieutenant 
Golonel  F.  Harwood,  United  States  Army,  captain  Corps  of  Engineers : 

125,057  cubic  yards  excavation,  at  45  cents $56, 275  65 

970  r.  feet  pile  piering,  20  feet  wide,  at  $50  30 48, 791  00 

750  r.  feet  pile  piering,  12  feet  wide,  at  $42  79 32, 092  50 

420  r.  feet  crib  work,  at  $71  68 30,105  60 
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2,020  r.  feet  canal  diking,  at  $8  70 $17, 674  00 

184, 838  75 
Add  10  per  cent,  for  contingencies 18, 483  87 

Total 203, 322  62 

or,  for  the  entire  scheme,  including  improvements  for  accommodation  of 
up-stream  shipping  and  all  other  contingencies,  $225,000. 
Respectfully  submitted. 

F.  HAEWOOD, 
Captain  of  Engineers  and  Brevet  Lieutenant  Colonel  U.  oL  A. 


Appendix  F. 


Annual  report  for  the  year  ending  June  30, 1869. — Improvement  of  harbors 
on  Lake  Ontario  and  the  8t  Lawretice  River. — In  charge  of  Brevet  Colo- 
nel  0.  E,  Blunty  lieutenant  colonel  of  engineers^  until  January  1, 1869; 
Brevet  Brigadier  General  M,  D.  McAlester,  major  of  engineers^  wntil  AprU 
23,  1869;  temporarily  placed  in  charge  of  Brevet  Lieutenant  Colonel  F^ 
Harwoody  captain  of  ev^neers^  until  May  18, 1869;  eij^/ce  then  in  charge 
of  Brevet  Colonel  Nicolas  Bowen^  major  of  engineers^  assisted  by  Captain 

W,  A,  Jones  and  First  Lieutenant  B.  D.  Greene^  Corps  of  Engineers. 

* 

1.  OaDENSBURO. 

At  the  date  of  the  last  annual  report,  proposals  had  been  invited  for 
dredging  in  the  Oswegatchie  River  below  the  bridge,  and  along  the  St. 
Lawrence  front  of  the  city,  and  upon  the  outer  bar,  north  of  the  light- 
house, these  being  the  points  first  named  in  the  plan  of  permanent 
improvement  submitted  by  the  board  of  engineers,  (Engineex  Order  Ko. 
m,  11th  May,  1868.) 

A  contract  for  this  work  was  made  with  G.  Baly  in  the  fall  of  1868, 
and  the  channel  through  the  outer  bar  has  since  been  completed. 

A  recent  survey  shows  a  clear  channel  at  least  twelve  feet  deep  below 
low  water,  and  averaging  three  hundred  feet  in  width.  No  difficulty  is 
experienced  in  entering  the  river.  A  small  portion  of  the  area  to  be 
dredged  in  the  river  below  the  bridge  was  removed  last  fall.  The  con- 
tractor is  now  engaged  in  dredging  at  this  place,  and  will  continue  work 
until  the  available  &nds  are  exhausted. 

The  amount  required  in  my  estimation  for  the  entire  and  permanent 
completion  of  the  improvement  of  this  harbor,  according  to  the  plan  pro- 
posed by  the  board  of  engineers,  in  addition  to  the  amount  ($40,000) 
originally  appropriated,  is  $175,000.  Of  this  amount  $100,000is  intended 
for  the  construction  of  the  pile  piers  should  they  be  needed.  For  dredging 
along  the  St.  Lawrence  River  fi'ont,  it  is  estimated  that  $75,000  will  be 
needed.  The  whole  amount  can  be  used  during  the  coming  fiscal  year,  in 
case  it  is  decided  to  continue  the  improvement. 

Ogdensburg  is  a  port  of  entry,  with  a  light-house  between  Forts 
Ontario  and  Montgomery,  one  hundred  and  twenty  miles  from  each.  I 
have  not  yet  received  the  commercial  statistics  of  the  place.  This  port 
is  next  in  importance  to  Oswego;  it  is  the  terminus  of  the  Northern  rail- 
road, the  Rome  and  Watertown  railroad,  and  the*  Northern  Transpor- 
tation Company's  line  of  propellers. 
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The  value  of  foreign  imports  during  the  year  was $1, 228, 273  46 

Imports  coastwise,  no  record  kept. 

Exports  coastwise  and  foreign 489, 265  00 

Number  of  arrivals 963 

Tonnage  of  arrivals 244, 826 

Kumber  of  clearances 951 

Tonnage  of  clearances 242, 326 

Amount  available  for  this  work  July  1, 1868 37, 118  58 

Amount  available  July  1, 1869 19, 272  49 

Amount  required  for  year  ending  June  30, 1871 175, 000  00 

Should  the  plan  for  improvement  be  carried  out,  it  is  supposed  that  a 
small  annual  expenditure  only  would  be  required  to  preserve  its  perma- 
nency.   New  lights  would  also  be  required. 


Abstraet  of  cantrnot  for  improviftg  harbor  of  Ogdenahurg^  ITew  Torkj  for 

the  year  ending  JttneSO,  1869, 


DBEBGINa. 


Cornelius  Daly,  price  per  cubic  yard $1  45 

Cornelius  Daly,  price  per  cubic  yard 20 

I  certify  that  the  above  abstract  is  correct. 

NICOLAS  BOWEN. 
Major  of  Ungineers  and  Brevet  Colonel  United  States  Army, 


2.  OSWEGO. 

Since  the  last  annual  report,  the  operations  for  the  improvement  of 
this  harbor  have  been  confined  to  dredging  in  the  space  inclosed  by  the 
United  States  pier,  and  repairing  this  pier.  A  great  portion  of  one  of 
the  old  ** Franklin  pier"  cribs  has  been  rebuilt,  and  the  dredging  required 
for  the  present  at  least  has  been  completed. 

It  was  proposed  during  the  present  season  to  prolong  the  pier  in  a 
northerly  direction  four  hundred  feet.  Contracts  for  this  extension  were 
made  by  Brevet  Brigadier  General  M.  D.  McAlester,  major  Corps  of  Engi- 
neers, in  March.  The  death  of  General  McAlester  delayed  the  beginning 
of  the  work,  and  when  I  assumed  charge  in  May,  I  found  the  contractor 
(for  labor)  unwilling  to  proceed  with  his  contract.  The  work  was  re-ad- 
vertised, but  owing  to  the  high  rates  bid  for  labor  no  contract  wa«  made. 

In  the  meantime,  to  prevent  delay,  authority  had  been  sent  to  prose- 
cute the  work  by  hired  labor  and  purchase  of  materials.  This  extension 
will  be  completed  this  yearj  the  old  contracts  for  materials  have  been 
continued  and  are  filling,  and  working  parties  are  now  forming. 

The  increasing  demands  of  commerce  at  this  point  now  demand  the 
construction  of  a  pier  exterior  to  the  present  one.  Until  this  is  done,  a 
uniform  annual  expenditure  will  be  required  for  the  repairs  and  preser- 
vation of  the  present  pier,  and  as  its  condition  is  not  good  the  expendi- 
ture of  a  large  amount  may  be  necessary. 

It  is  thought  that  a  balance  will  remain  sufficient  for  the  ordinary 
repairs  of  the  pier  this  season. 

Some  changes  haAdng  been  made  in  the  construction  of  cribs  since  the 
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last  annual  report,  a  tracing  is  herewith  transmitted  showing  the  method 
in  practice  at  all  the  harbors  under  my  charge;  also  showing  the  partic- 
ular plan  adopted  for  joining  the  new  work  with  the  old  pier  at  Oswego. 

I  send  herewith  a  sketch  from  a  late  survey  showing  a  portion  of  Lake 
Ontario  that  I  would  propose  to  inclose  for  a  new  harbor.  The  direction 
of  the  pier  and  the  space  to  be  inclosed  are  only  approximately  fixed. 
The  pier  is  in  two  wings,  with  a  light-house  crib  50  feet  square  in  the 
middle  of  the  entrance:  the  cribs  to  be  50  feet  wide  and  built  in  the 
longest  lengths  practicable. 

The  estimated  cost  of  the  entire  work  is  $2,500,000,  of  which  amount 
$600,000  could  be  spent  the  first  available  season. 

For  the  next  fiscal  year  there  will  be  required  to  complete  repairs 
undertaken  this  season  and  make  those  that  may  become  necessary, 
$35,000. 

This  amount  will  level  up  and  refill  all  of  the  old  pier,  repair  breaches 
in  the  old  stone  parapet,  and  put  the  work  in  good  order. 

Any  appropriation  made  for  the  new  pier  should'  provide  that  the 
United  States  have  supreme  jurisdiction  over  all  modifications  contem- 
plated within  the  harbor,  along  the  shores  or  within  the  waters^  and  also 
have  ceded  to  them  a  certain  amount  of  land  at  either  extremity  of  the 
proposed  work,    A  new  light-house  would  also  be  required. 

Oswego  is  a  port  of  entry,  with  Little  and  Big  Sodus  in  its  district.  It 
has  a  light-house  on  the  pier,  and  a  Fort  (Ontario)  within  its  limits. 

Duties  collected  for  year $1, 014, 170  20 

Value  of  foreign  imports $5,349,557  00 

Value  of  foreign  exports .* $1,192,919  00 

Number  of  arrivals 4, 457 

Tonnage  of  arrivals 781, 500 

Number  of  clearances 4, 518 

Tonnage  of  clearances 782, 381 

Besides  the  above,  the  value  of  coastwise  arrivals  and  clearances  is 
very  great. 

This  harbor  is  the  most  important  on  the  lake,  and  is  the  seventh  or 
eighth  in  importance  in  the  country  in  amount  oi  duties  collected. 

The  -Delaware,  Lackawanna,  and  Western  railroad,  (connecting  with 
the  New  York  Central  at  Syracuse,)  the  Bome,  Watertown,  and  Ogdens- 
burg  railroad,  (connecting  with  the  New  York  Central  at  Eome,  and 
also  with  railroad  to  the  eastern  States  and  the  Canadas,  at  Ogdens- 
burg,)  and  the  Syracuse  and  Oswego  Canal,  terminate  at  this  point; 
besides,  it  is  a  landing  for  the  Northern  Transportation  Company's  pro- 
pellers, and  the  Boyal  mail  line  of  steamboats  to  Canada,  stopping  along 
the  lake. 

The  principal  commerce  is  in  grain,  breadstuffs,  and  lumber;  it  is 
expected  that  coal  and  railroad  iron  will  be  transferred  here  in  largely 
increasing  quantities. 

With  the  extension  of  the  new  pier  400  feet  to  the  north,  (17°  west,)  a 
light-house  should  be  placed  at  its  extremity.    Abstracts  herewith: 

Amount  available  for  this  work  July  1, 1868 $49, 823  92 

Amount  available  for  this  work  July  1, 1869 70, 326  23 

Amount  required  for  year  ending  June  30, 1871,  not  includ- 
ing the  $600,000 35,000  00 


BEPOST  OF  CHIEF  OF  EKQIMEEBS. 


11^ 


■Bjioqinii™* 


I* 


4» 


e 


o9«73  ««■.  : 


111, 


ih   A  I  i   £n 


*S;1»|i1Jsf|1^15|||o>i 


174 


BEPOBT  OF  CHIEF  OF  ENGINEEBS. 


Ah8tr<icts  of  contracts  for  improving  harbor  of  Onoego,  New  YorJCj  for  the  year  ending 

June  30,  1869. 


13  by  12  inch  pine  timber,  30  feet  long,  per  1,000  feet  b.  m 

12  by  13  inch  pine  timber,  21  feet  long,  per  1,000  feet  b.  m 

Pine  plank,  per  1,000  feet  b.  m 

White-oak  snubbing-poeta  per  1,000  feet  b.  m 

Bound  wTongbt-tron  drift  ioolts,  per  ponnd 

Kound  wronght-iron  screw  and  washer  bolts,  per  ponnd 

Wrought-iron  spikes,  per  pound 

12  by  12  inchpiemlock  timber,  30  feet  long,  per  1,000  feet  b.  m 
12  by  12  inch  hemlock  timber,  31  feet  long,  per  1,000  feet  b.  m 
Henuock  plan^,  per  1,000  feet  b.  m 


i 

m 


125  00 
24  00 
20  00 
S4  00 


9 

I 


•0  04 
06 
OH 
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$17  00 
16  00 
15  00 


I  certify  that  the  above  abstract  is  ooirect. 


NICOLAS  bowen; 

Major  qf  Engineers  and  Brevet  OoUmel  u,  &  A, 


Abstract  of  contract  for  improving  harbor  of  Oswego^  New  York^for  the 

year  ending  June  30^  1869. 

Pratt  &  Co: 

Eound  wrought-iron  drift  bolts,  per  ponnd $0  04J 

Bonnd  wrought-iron  screw  and  washer  bolts,  per  pound 06 

Wrought-iron  spikes,  per  pound 05J 

I  certify  that  the  above  abstract  is  correct. 

mOOLAS  BOWEl^, 
Major  of  Engineers  and  Brevet  Colonel  United  States  Army. 


Abstracts  of  contracts  for  improving  harbor  of  Oswego^  New  Yorh,  for  the  year  ending 

June  20,  1869. 


Timber. 


§ 


12  by  13  inch  pine  timber,  30  feet  long,  per  1,000  fbet  b.  m 

18  by  12  inch  pine  timbeir,  21  feet  long,  per  1,000  feet  b.  m 

Fine  plank,  per  1,000  feet  b.  m , 

White-oak  annbhing-poets,  per  1,000  feet  b.  m 

12  by  12  inch  hemlock  timber,  30  feet  long,  per  1,000  feet  b.  m 
12  by  12  inch  hemlock  timber,  21  feet  long,  per  1,000  feet  b.  m 
Heinlook  plank,  per  1,000  feet  b.  m 


•35  00 
34  00 
20  00 
34  00 


$17  00 
16  00 
15  00 


I  oertify  that  the  above  abetraot  is  correct. 


NICOLAS  BOWEN, 
Jfo^or  of  JBngineere  and  Brevet  OoUnuH  U.  &  A* 
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3.  LITTLE  SODUS  BAY. 

The  works  at  this  point  are  not  in  a  satisfactory  condition.  The  super- 
stractore  was  completed  upon  the  three  handred  feet  of  unfinished  pier 
last  season.  The  width  of  dredged  channel  was  increased  from  eighty 
to  two  hundred  feet.  In  the  spring  of  this  year  it  was  found  that  the 
pier  had  sunken,  in  some  places,  several  feet,  and  presented  a  bad  appear- 
ance. This  was  probably  due  to  dredging  too  near  the  face  of  the  pier, 
and  to  the  shifting  sand  of  which  the  bottom  is  composed.  Proposals 
have  been  received  for  the  extension  of  the  pier  one  hundred  and  fifty 
feet.  This  extension  wDl  be  completed  this  year.  This  will  exhaust  the 
present  appropriation.  To  complete  the  improvement  as  originally  pro- 
posed, and  necessary  to  make  this  a  good  harbor,  (including  dredging,) 
there  will  be  needed  an  additional  appropriation  of  $35,000.  To  restore 
the  present  pier  to  its  proper  shape,  and  to  rebuild  the  breakwater, 
$25,000  will  be  required,  and  this  amount  is  asked  both  for  the  preserva- 
tion and  appearance  of  the  present  construction. 

This  harbor  is  in  the  collection  district  of  Oswego,  which  is  the  nearest 
port  of  entry,  and  where  the  nearest  light-house  and  fort  are  situated. 
The  statistics,  which  are  insignificant,  are  included  in  those  of  Oswego. 
This,  next  to  Big  Sodus,  is  the  best  natural  harbor  in  the  lake,  although, 
there  being  no  light  for  the  harbor,  its  entrance  is  not  always  practicable. 
Being  only  fifteen  miles  from  Oswego,  and  having  no  commerce  worth 
mentioning,  (its  fine  natural  advantages  being  its  only  recommendation,) 
all  that  is  strictly  required  this  coming  year  is  the  amount  ($25,000) 
asked  for  to  make  the  necessary  repairs,  and  to  dredge  all  that  may  be 
required  to  clear  the  chanjiel.  At  present  there  is  sufficient  water — 
about  12  feet.    The  amounts  asked  for  could  be  expended  in  one  season. 

Abstract  of  proposals  and  contracts  herewith. 

Amount  available  for  this  work  July  1, 1868 $27, 860  51 

Amount  available  for  this  work  July  1, 1869 4, 017  39 

Amount  required  for  year  ending  June  30, 1871 25, 000  00 
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Abstraet  of  cawtract  far  improving  harbor  of  Little  8odu8,  New  YorJc^for 

the  year  ending  Jv/ns  30, 1869. 

S.  B.  Bobinson: 

Timber,  per  1,000  feet,  board  mea^nre $8  26 

Plank,  per  1,000  feet,  board  measure 8  26 

I  certify  that  the  above  abstract  is  correct. 

NICOLAS  BOWElif, 
Major  ofUngineera  and  Brevet  Colonel  U.  8.  A. 


Ahstract  of  ocmtraot  for  improving  harbor  of  Little  Sodus.  New  York,  for  year  ending  June 

30,  1869. 


Iron per  pound.. 

Spikes do 

Sound  WTOught-iron  Bcrow  and  washer  bolts do. . . . 

Bound  ■wrought-iron  drift  bolts do 


10  01 
01 


t« 


I 


f0  05i 

09i 


I  certify  that  the  above  abstract  is  correct. 


NICOLAS  BOWEK, 
Major  of  Engineers  and  Bvt  Ool.  XT.  S,  A» 


Abstract  of  contra^  for  improving  harbor  of  Little  BoduSj  New  York^for 

the  year  ending  June  30, 1869. 

S.  B.  Bobinson: 
Stone,  per  cubic  yard $1  69 

4 

I  certify  that  the  above  abstract  is  correct. 

SIOOLAS  BOWBN, 
Major  ofJEngineera  and  Brevet^Oolonel  U.  8.  A. 


Abstract  of  contract  for  improving  harbor  of  Little  Sodus j  New  York^for 

ihe  year  ending  June  30, 1869. 

S.  B.  Bobinson: 
Bemoving  material  and  preparing  foundation  area $100  00 

I  certify  that  the  above  abstract  is  correct. 

NICOLAS  BOWEN, 
May>r  of  Engineers  and  Brevet  Colonel  U.  8.  A, 

12 
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Abstract  of  oontraets  far  improving  harbor  of  Little  SoduSf  New  Torhffor  t%«  year  ending 

June  30,  1869. 


w 

§ 

I 


I 


Bemoving  materials  and  preparing  foundation  area 

Timber 

Plank , 

Iron 


Spikes 

Stone 

Kound  wronght-iron  screw  and  washer  bolts. 
Round  wronght-iron  drift  bolts 


.per  1,000  ft.  b.  m.. 

do 

I>er  pound.. 

do 

. .  per  cubic  yard. . 

per  pound. . 

do 


llOO  00 
8  25 
8  95 
01 
01 
1  69 


lOOSi 
05^ 


I  certU|7  that  the  above  abstract  is  correct. 


KICOLAS  BOWEN, 
Ma^  of  Engifuers  and  Bvt  Ool  XT,  8.  A. 


4«  Bia  SOBUS  BAY. 

The  pier  has  been  completed,  with  the  exception  of  the  light-hoose 
head — 776  feet  having  been  built  since  the  last  report,  there  being  con- 
siderable timber  on  hand,  which  was  only  available  for  the  extension  of 
the  pier;  and  as  it  appeared  that  benefit  would  be  derived  from  such  ex- 
tension, I  asked,  and  was  authorized,  to  add  90  feet  to  the  west  pier  be- 
fore putting  on  the  pier-head.  This  work  will  be  advertised  at  once, 
and  completed  during  the  coming  season.  The  dredged  channel  has 
been  increased  to  a  width  of  200  feet.  The  balance  that  will  remain 
after  the  extension  of  the  pier  will  be  insufficient  for  the  completion  of 
the  dredging.  The  piers  at  this  point  are  470  feet  apart.  The  shifting 
sand  which  forms  the  bottom  readily  seeks  a  level ;  I  therefore  propose 
to  expend  the  balance,  after  building  the  crib-work,  in  widening  the 
present  channel,  and  getting  12  feet  of  water.  To  complete  the  dredging 
the  whole  width  between  piers,  $35,000  will  be  needed,  in  addition  to 
the  present  appropriation.  This  is  by  far  the  finest  natural  harbor  in 
the  lake,  but  as  a  port  of  commerce  it  is  ini^ignificant.  To  complete  the 
present  works,  closing  the  entrance  between  the  east  shore  and  east  pier, 
will  require  $30,000.  Dredging  the  entire  channel,  (as  stated,)  $35,000. 
Kecessary  repair  for  the  coming  year,  $10^000.  Big  Sodus  is  in  the  district 
of  Oswego,  30  miles  distant,  and  about  midway  between  it  and  Charlotte. 
It  has  a  light-house,  about  three-fourths  of  a  mile  to  the  west  of  the  pier, 
on  the  main  land  j  it  should  be  on  the  pier-head.  Fort  Ontario  (Oswe- 
go) is  the  nearest  fort.  The  statistics  are  insignificant;  they  are  in- 
cluded in  those  of  Oswego.  The  interests  of  the  place  are,  at  present, 
entirely  local ;  though,  as  a  harbor  of  refuge.  I  consider  the  place  of 
gxeat  importance.  Unless  the  channel  is  dredged  to  its  full  width  and 
uniform,  annual  expenditure  will  be  required.  All  of  the  amounts  asked 
for  could  be  expended  in.  one  season. 

Amount  available  for  this  work  July  1, 1868 $58, 646  46 

Amount  available  for  this  work  July  1,  1869 8, 056  53 

Amount  required  for  year  ending  June  30, 1871 35, 000  00 

5.  CHABLOTTE  OB  GENESEE  BIVEB  HABBOB. 

The  contractors  have  carried  out  the  terms  of  their  contract  in  a  sat- 
isfactory manner.    All  the  work  has  been  expended  on  the  E  pier,  where 
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2,198  linear  feet  of  cribs  have  been  filled  and  sunk,  and  were  decked 
over  to  retain  their  stone  filling,  as  the  appropriation  had  become  ex- 
hausted. There  yet  remain  to  be  done  48  linear  feet  of  cribs,  216  linear 
feet  of  superstructure,  and  the  pier-head,  in  order  to  complete  the  pier. 
An  appropriation  of  $30,000  is  urgently  needed  for  this  purpose,  and 
also  to  relevel  a  portion  of  the  west  pier.  Fifteen  thousand  dollars  addi- 
tional is  also  asked  to  extend  the  southerly  end  of  the  same  pier  to  prevent 
the  washing  away  of  the  banks  of  the  river  and  the  rear  of  that  end  of 
the  pier ;  an  allotment  of  $1,000  has  been  asked  for. 

Oswego,  Ogdensburg  and  Charlotte  are  the  three  important  harbors  on 
the  lake  in  regard  to  commerce. 

All  of  the  amounts  mentioned  could  be  profitably  expended  in  one 
season. 

There  is  a  portion  of  the  west  pier,  about  1,000  feet  long,  running  from 
the  lake  shore  up  the  river  to  the  iron  works,  which  I  would  recommend 
for  sale  at  cost  price  to  private  parties  for  wharfage ;  such  parties  being 
required  to  make  proper  repairs,  at  their  own  expense,  under  the  direction 
of  the  engineer  officer  in  charge;  the  proceeds  of  such  sale  to  be  used 
for  repairing  the  pier  proper. 

Charlotte  is  the  port  of  entry  for  the  city  of  Eochester,  (6  miles  dis- 
tant,) in  the  district  of  Genesee ;  it  has  two  Ughts,  one  on  the  west  pier 
and  the  other  on  the  shore,  as  its  range.  Fort  Magara,  about  75  miles 
to  the  west,  and  Fort  Ontario,  about  60  miles  to  the  east,  are  the  nearest 
forts. 

Duties  collected  during  the  past  year $77, 115  33 

Value  of  exports,  foreign $99, 615  00 

Value  of  exports,  coastwise $1, 007  00 

Value  of  imports,  coastwise $46, 244  00 

Value  of  imports,  foreign $351, 348  00 

Number  of  arrivals 736 

Tonnage  of  arrivals 124, 766 

Number  of  clearances 724 

Tonnage  of  clearances 124, 077 

No  abstracts. 

Amount  available  for  this  work  July  1, 1868 $19, 995  94 

Amount  available  for  this  work  July  1, 1869 71  80 

Amount  required  for  the  year  ending  June  30, 1871 45, 000  00 

6.  OAK  OBOHABB  HABBOB. 

Owing  to  the  failure  on  the  part  of  the  contractor  for  labor  to  perform 
his  work,  the  contract  was  cancelled  by  Brevet  Colonel  C.  E.  Blunt,  and 
the  work  relet.  The  loss  of  time  consequent  on  this  was  very  serious, 
and  but  little  work  has  been  done. 

The  gap  in  the  west  pier  has  been  finished  except  the  decking  over. 
On  the  east  pier  the  old  superstructure  has  been  removed,  and  300 
linear  feet  of  cribs  filled  and  sunk.  At  the  commencement  of  operations 
this  spring,  three  dredges  were  sent  here,  and  have  been  working  in  the 
channel  and  on  the  line  of  the  piers.  It  is  proposed  during  the  coming 
year  to  continue  the  work  on  the  east  and  west  piers,  and  to  dredge  in 
the  channel  as  long  as  the  appropriation  will  permit,  which,  it  is  expected, 
will  be  exhausted  this  coming  year. 

Fifty  thousand  dollars  wiU  be  required  to  complete  the  work  already 
proposed,  (viz.,  dredging  channel  and  completing  piers,)  all  of  which  can 
be  expended  in  one  season. 
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This  haxbor  is  in  the  district  of  Genesee;  Charlotte,  30  miles  to  the 
east,  is  the  nearest  port  of  entry^  where  is  also  the  nearest  light-house. 
One  is  required  on  the  pier  at  this  point.  Fort  Niagara,  45  miles  west, 
is  the  nearest  fort.  This  harbor  is  one  of  small  natural  advantages. 
Duties  collected  during  year,  $1,999  70. 

No  abstracts  on  file  in  this  office  for  1868. 

Amount  available  for  this  work  July  1, 1868 $74, 793  11 

.Amount  available  for  this  work  July  1, 1869 45, 350  43 

Amount  required  for  year  ending  June  30, 1871 50, 000  00 


Abstract  of  contract  for  improving  harbor  of  Oak  Orchard^  Neu>  Yorkyjbr 

year  ending  June  30, 1869. 

James  Galdwell: 
Framing  timber,  per  lineal  foot — $0  06 

I  certify  that  the  above  abstract  is  correct. 

NICOLAS  BOWEN, 
McyoT  ofUmgineera  and  Brevet  Oolond  U.  8.  A. 


Abstract  of  contract  for  improving  harbor  of  Oak  Orchard^  Neic  York^for 

year  ending  June  30, 1869. 

James  Caldwell: 
Driving  iron,  per  pound $0  01 

I  certify  that  the  above  abstract  is  correct. 

NICOLAS  BOWEN, 
Major  of  Engineers  and  Brevet  Colonel  U.  8.  A. 


Abstract  ofcontra>ctfor  improving  harbor  of  Oak  Orchard^  New  Yorkjfor 

year  ending  June  30, 1869. 

James  Caldwell: 

Labor. — ^Timber,  per  lineal  foot $0  06 

Lron,  per  x)ound 01 

I  certify  that  the  above  abstract  is  correct. 

NICOLAS  BOWEN, 
Major  of  Engineers  and  Brevet  Colonel  U.  8.  A. 


7.  OLOOTT  HABBOB. 

Operations  during  the  year  have  been  directed  to  dredging  in  the 
channel  and  on  line  of  piers,  and  putting  down  cribs  and  superstructure 
of  the  piers.  Of  the  west  pier,  275  linear  feet  of  cribs  and  superstructure 
have  been  completed,  and  70  linear  feet  of  cribs  filled  witiiout  super- 
structure. Of  the  east  pier  but  two  (2)  cribs  had  been  sunk  when 
season's  oi>erations  were  closed.  During  the  winter  the  lab^r  and 
dredging  contracts  were  annulled. 
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Authority  having  been  obtained  from  the  department,  the  work  will 
be  done  during  the  coming  year  by  day's  labor.  One  dredge  was  in 
operation  during  the  season. 

It  is  proposed  during  the  coming  year  to  dredge  in  the  channel  and 
on  the  Ime  of  the  piers,  and  to  carry  out  the  east  and  west  piers  as  far 
as  will  be  justified  by  the  appropriation.  Amount  required  to  complete 
the  work,  $50,000.  which  can  be  profitably  expended  in  one  season. 
Olcott  is  a  port  oi  entry  in  the  collection  Strict  of  Niagara,  18  miles 
distant  from  Fort  Niagara  and  its  light-house.  (Statistics  not  obtained.) 
Abstract  herewith. 

Amount  available  for  this  work  July  1, 1868 $60, 671  67 

Amount  available  for  this  work  July  1, 1869 21, 312  46 

Amount  required  for  the  year  ending  June  30, 1871 50, 000  00 

I  would  earnestly  recommend  that  in  all  cases  the  work  on  the  lake 
and  river  be  carried  on  by  the  engineer  oflScer  in  charge  by  day's  labor, 
and  the  purchase  of  materials  in  open  market.  And,  also,  that  wherever 
appropriations  be  hereafter  made,  the  United  States  be  ceded  a  certain 
portion  of  land  at  or  along  the  end  of  the  pier  work,  and  that  they 
assume  supreme  control  of  all  proposed  improvements  or  changes  any- 
where within  the  harbor  concerned,  and  to  apply  to  works  already  built 
or  building. 

Eespectfully  submitted. 

NICOLAS  BOWBN, 
Major  of  Engineers  and  Brevet  Colonel  TJ.  S.  A. 

Oswego,  N.  T.,  September  30, 1869.  * 


Abstract  of  contract  for  improving  harbor  of  Olcott,  New  TorJcy  for  the 

year  ending  June  30, 1869. 

Pratt  &  Co. : 

Bound  wrought-iron  drift  bolts,  per  pound $0  04§ 

Wrought-iron  spike,  per  pound 05f 

Wrought-iron  washer^  per  pound 06 

1  certify  that  the  above  abstract  is  correct. 

NICOLAS  BOWEN, 
Major  of  Engineers  and  Brevet  Colonel  U.  8,  A. 


Appendix  G. 


United  States  Engineer's  Office, 

Burlington,  Vt,  August  12, 1869. 

Gbneral:  I  have  the  honor  to  render  the  following  report  of  opera- 
tions upon  the  harbor  of  Plattsburg,  N.  Y.,  for  the  fiscal  year  ending 
June  30, 1869. 

With  my  last  annual  report,  I  transmitted  an  abstract  of  proposals  for 
dredging  the  harbor,  for  the  purpose  of  removing  the  sand  bar  lying 
between  the  breakwater  and  south  wharf.  It  was  expected  that  the 
lowest  bidder,  E.  B.  Van  Dusen,  would  enter  into  contract  and  perform 
the  work  in  accordance  with  his  offer.    After  some  correspondence  and 
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a  good  deal  of  delay,  he  formally  decllDed  to  perfect  his  contract.  Mr 
Emory  R.  Seward,  of  Albany,  N.  Y.,  the  next  lowest  bidder,  was  then 
notified  that  his  offer  would  be  accepted.  A  contract  was  accordingly 
perfected  with  this  gentleman,  and  ratified  on  the  5th  of  August,  1868. 

Owing  to  difSculties  in  getting  his  dredge  through  the  canal  from 
Albany,  Mr.  Seward  was  delayed  in  commencing  work  until  the  15th  of 
September.  The  season  was  now  very  favorable  for  his  operations,  and 
the  work  was  pushed  forward  by  him  with  energy  and  thoroughness. 
He  encountered  large  rocks,  which  had  heretofore  proved  a  serious 
obstruction  to  vessels ;  these  he  carefully  removed  by  "  cfriving  "  them  with 
the  dipper,  either  into  deep  water  or  out  upon  the  shore,  as  will  be  seen 
upon  referring  to  my  sketch,  sent  to  the  department  with  letter  of  Decem- 
ber 12,  1868.  The  depth  of  water  attained  in  all  parts  of  the  harbor 
wa«  at  lesjst  seven  feet.  This  depth  renders  navigation  safe  and  easy 
for  the  present,  though  an  additional  depth  of  two  feet  would  be  desir- 
able. I  would  respectfully  renew  my  recommendation  of  last  year, 
relative  to  a  permanent  provision  against  future  wash  of  the  government 
reservation,  by  erecting  a  dry  stone  revetment  along  its  base,  and  to 
further  increase  the  depth  of  the  harbor  to  nine  feet  by  additional  dredg- 
ing. The  business  of  Plattsburg  has  grown  rapidly  during  the  past 
Ave  years,  and  statements  of  its  business  men  indicate  a  still  further 
increase,  and  much  greater  demand  for  harbor  facilities  during  coming 
years.  It  is  also  urgently  requested  that  more  protection  to  the  wharf- 
age may  be  furnished  by  an  extension  of  the  present  breakwater  three 
hundred  feet  to  the  northward.  These  improvements,  based  ui>on  last 
year's  estimates,  would  require  an  appropriation  of  $45,000,  which  amount 
wiU  be  required  for  the  entire  and  permanent  completion  of  this  work. 

Amount  to  be  profitably  expended  upon  this  work  during  next  year, 
$25,000. 

Nearest  port  of  entry,  Plattsburg,  N.  Y.,  situated  in  the  collection  dis- 
trict of  Ghamplain. 

Nearest  lighthouse  at  Cumberland  Head. 

Nearest  fort.  Fort  Montgomery,  Eouse's  Point,  New  York. 

Revenue  collected  at  this  port  auring  last  fiscal  year,  $544,500. 

For  amount  of  commerce  and  navigation  of  this  harbor,  reference  is 
made  to  the  accompanying  statement  ^m  Maj.  J.  Parmenter,  collector 
of  the  port.    There  is  also  accompanying  an  abstract  of  proposals. 

Statement  of  cash  received  and  expended  during  the  year. 

On  hand  July  1, 1868 $ 712  38 

Eeceived  from  United  States  treasury 6, 500  00 

$6, 212  38 

Paid  to  Emory  E.  Seward  for  dredging  12,825 

cubic  yards,  at  40  cents 6, 130  00 

Surveys  and  suspension 400  91 

Advertising 100  62 

5,631  53 

Balance  remaining  on  hand  July  1, 1869 580  85 

Amount  of  appropriation  available  June  30, 1869 $580  85 

Amount  required  for  the  year  ending  June  30, 1871 20, 000  00 
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Collector's  Office, 
Plattshurgf  X,  T,  August  9,  1869. 

Dear  Sir  :  After  so  long  a  time  I  have  the  pleasnre  of  handing  you  a  statement  of 
the  commerce  of  the  port  of  Plattsbnrg,  for  the  fiscal  year  ending  30th  June  last.  I 
found  much  difficulty  in  obtaining  figures  from  parties  doing  business  outside  of  the 
custom-house. 

Very  respectfully,  your  obedient  servant, 

J.  PABMENTEB,  Collector. 
Bvt.  Lt.  Col.  J.  W.  Barlow,  - 

United  States  Engineers. 


Exports  from  and  imports  into  Plattsburg  during  the  fiscal  year  ending  June  30, 1869. 


Qtiantity. 


Value, 


EXPOBTB.  ^ 

Lumber feet . 

Iron tons. 

Kails .• kegs. 

Floor barrela. 

Grain boflhels . 

Provender tons . 

Miaoellaneoas  artiolea tons . 


35,000,000 
6,750 
40  000 
7,500 
6,500 
350 
9,479 


•490,000  00 

328,000  00 

SOO.OOO  00 

75, 000  00 

7,200  00 

7,500  00 

568,740  00 


Total. 


1, 606, 440  00 


mPOBTB. 

Iron  ore tons. 

Coal tons. 

Karble,  (transitu) tons . 

Goods,  (Clinton  Prison) tons. 

Goods  in  transitu  for  Montreal,  P.  Q tons. 

Hiscellaneous  articles tons . 


10,7«) 

3,500 

2,600 

250 

500 

10,900 


•53,900  00 
28,000  00 
76,500  00 
16,000  00 
42,500  00 

760,000  00 


Total. 


976,900  00 


During  the  season  of  navigation,  steamers  carrying  pa^ssengers  and 
fireight  arrive  and  depart  from  eight  to  twelve  times  daily,  Plattsburg 
being  the  northern  terminus  of  said  steamers. 

The  tonnage  employed  in  the  commerce  of  Lake  Champlain  (exclusive 
of  vessels  from  Canada)  is  43,500  tons,  nearly  all  of  which  enters  the 
port  of  Plattsburg  many  times  during  the  season. 

Number  of  vessesl  engaged  in  this  trade,  with  the  above  exception,  is 
seven  hundred  and  forty-three,  among  which  are  six  flrst-class  steamers 
of  from  ei^ht  hundred  to  twelve  hundred  tons  burden  each,  and  draw- 
ing from  six  to  nine  feet  of  water. 

Duties  on  foreign  goods  entered  during  the  year  at  port 

of  Plattsburg $544, 500  00 

Value  of  said  goods 2, 276, 580  00 

Value  of  exports,  same  time 124, 958  00 

Value  of  free  goods,  same  time 28, 540  00 
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Abstract  of  proposals  for  dredging  harbor  of  Plattsburg,  JV.  F.,  opened  at  BurUngUm,  Ft, 

June  27, 1868. 


Xamea  of  bidden. 


B.  Yan  Dnsen,  Geddes,  Onon- 
daga Co.,  N.  Y. 

Emory    R.    Seward,    Albany, 
N.  X.,  contractor. 

Lnther  Wbitney,  Burlington, 
Vt. 


Names  of  BecnrltieB. 


W.  H.  H.  Gere,  N.  Stanton     39  cents  per  cubic 


Price,  if  received  by 
the  United  States 
in  the  boats. 


Gere,    Geddes,  Onondaga 

Countv,  N.  T. 
James  o.  Belden,  Henry  D. 

Denison,  Syracuse,  (&on- 

dafi»  County,  N.  Y. 
O.  C.  Mitchell,  ffiram  Tracy, 

BoiUngton,  Yt 


yard  of  sand. 

35  cents  per  cubic 
yard  or  sand. 


Price,  if  depoidted 
outside  brealcwa- 
terinlake. 


33  cents  per  cubic 
yard  of  sand. 

40  cents  per  cubic 
yard  of  sand. 

60  cents  per  cubic 
yard  of  sand. 


Eespectfully  submitted. 

J.  W.  BAELOW, 
Capt  ofUnffineers  and  Bvt  Lieut  Col,  U.  8.  A. 

Brevet  or  Maj.  Gen.  A.  A.  Humphreys, 

Brigadier  General  and  Chief  of  Engineers. 

Office  of  the  Chief  of  Engineers^  Washington^  D.  0. 


United  States  Engineer  Office, 

Burlington^  Vermont^  August  19, 1869. 

General.:  I  have  the  honor  to  submit  the  following  annual  report  of 
operations  upon  the  breakwater  at  Burlington,  Vermont,  for  the  fiscal 
year  ending  June  30, 1869. 

At  the  close  of  the  last  fiscal  year,  the  work  of  extending  the  break- 
water to  the  northward  by  cribs  had  been  commenced,  with  favorable 
prospects  of  completing  about  five  hundred  feet  during  the  working 
season.  As  was  anticipated  the  work  uninterruptedly  continued  through 
the  season;  the  completion  of  one  crib  per  month  being  about  the  usual 
average.  By  the  end  of  September  four  of  the  six  cribs  had  been  carried 
to  a  height  greater  than  the  depth  of  water  and  placed  in  position. 
During  the  following  month  the  other  two  were  successfully  located. 
TKie  cribs  were  each  eighty  feet  in  length  with  one  exception;  this  was 
constructed  one  hundred  feet  long  to  make  up  an  even  five  hundred  feet 
for  the  season's  operations,  and  was  settled  as  easily  and  successfully  as 
the  others.  No  accident  occurred  with  any  of  them,  except  a  slight 
careening  of  one  which  had  been  placed  just  before  a  severe  blow,  and 
which  had  not  received  sufficient  ballast  to  hold  it  firmly.  No  perma- 
nent injury  to  the  structure  was  sustaiued,  though  to  provide  against  a 
repetition  of  this  difficulty  the  following  cribs  were  temporarily  planked 
over,  and  a  considerable  weight  of  stone  placed  upon  thib  deck,  and 
allowed  to  remain  until  a  large  proportion  of  the  ballast  had  been  put 
in.  The  line  selected  for  the  new  work  makes  an  angle  with  the  north 
half  of  the  old  breakwater  of  162  degrees.  The  depth  of  water  averages 
thirty-one  feet  at  low  water;  the  stracture  will  therefore  be  thirty-eight 
feet  high,  which,  added  to  a  settlement  of  four  feet,  makes  the  entire 
height  of  new  breakwater  forty-two  feet.  During  the  month  of  Novem- 
ber considerable  work  upon  the  superstructure  was  accomplished,  but 
owing  to  the  early  setting  in  of  winter  the  contractors  desired  to  suspend 
further  operations  until  spring,  leaving  the  structure  about  two  feet 
below  the  proper  level.    I  was  willing  to  allow  time  for  thorough  settle- 
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ment  before  finishing,  and,  therefore,  consented  to  this  delay.  The 
delivery  of  stone  went  on,  however,  until  January,  when  all  the  cribs 
were  filled  to  the  height  to  which  they  had  been  constructed. 

It  was  estimated  that  abont  $30,000  of  the  appropriation  would  be  left 
after  completing  the  five  hundred  feet  commenced,  and  the  question 
presented  itself  of  continuing  work  during  the  following  season  under 
the  existing  contracts,  or  to  readvertise  the  work  for  new  proposals.  The 
good  conduct  of  the  present  contractors  and  their  reasonable  prices,  on 
the  one  hand,  and  the  uncertainties  of  receiving  proposals  in  time  to 
resume  operations  in  the  spring,  on  the  other,  decided  me  to  recom- 
mend the  continuance  of  the  work  with  these  gentlemen  to  the  extent 
of  the  available  funds.  This  recommendation  was  approved  by  the 
department,  and  the  work  has  been  resumed,  and  is  now  progressing 
favorably  under  the  old  contracts.  Two  cribs,  each  eighty  feet  long,  wiU 
be  constructed  this  summer,  and  the  superstructure  of  the  whole  com- 
pleted, making  an  addition  in  all  of  six  hundred  and  sixty  feet. 

Project  for  continuing  the  improvement  of  the  Jiarbor. — ^A  survey  of  the 
harbor,  with  a  view  to  an  extension  of  the  old  break-water,  was  made 
by  Brevet  Brigadier  General  C.  B.  Beese,  major  Corps  of  Engineers, 
in  the  summer  of  1866.  His  report  recommended  an  additional  pro- 
tection to  the  northern  wharfage,  which  was  then  being  largely 
extended,  and  an  addition^  breakwater  in  that  direction  of  fifteen  hun- 
dred feet  was  then  decided  necessary  to  meet  the  requirements  of  the 
increasing  commerce  of  this  port.  No  extension  in  a  southerly  direction 
was  then  thought  necessary.  The  recommendations  contained  in  this 
report  were  concurred  in  by  the  board  of  engineers,  which  subsequently 
examined  the  subject,  and  appropriations  were  made  for  carrying  on  the 
improvement  of  the  harbor  in  the  water  front  lying  south  of  the  wharf- 
age, but  (owing  to  difficulties  regarding  its  title  unnecessary  to  discuss 
in  this  report)  it  could  not  be  improved,  and  it  was  this  which  prevented 
an  extension  of  the  wharfage  in  that  direction,  and  consequently  made 
any  ftirther  southern  extension  of  the  breakwater  apparently  unneces- 
sary. During  the  last  year,  however,  the  difficulties  obstructing  the 
improvement  of  this  portion  of  the  water  front  have  been  removed,  and 
preparations  on  a  large  scale  are  now  going  on  for  building  extensive 
docks,  warehouses,  and  machine  shops,  along  the  whole  available  extent 
of  this  front. 

The  citizens  interested  in  these  improvements  are  extremely  urgent  in 
expressing  their  wishes  for  the  same  protection  ftx)m  the  violence  of  the 
lake  that  has  been  aecorded  to  their  neighbors  north  of  them.  This 
matter  is  referred  to  by  me  to  indicate  the  importance  of  this  i^art  of  the 
harbor  compared  with  the  north  end,  and  to  show  the  probability,  as 
well  as  the  justness,  of  an  effort  looking  toward  additional  appropria- 
tion for  the  harbor,  beyond  those  required  to  complete  the  extension  now 
in  progress,  and  which  has  received  the  approval  of  the  department. 

The  subject  is  deemed  worthy  of  study,  and  perhaps  of  sufficient 
importance  to  receive  the  consideration  of  a  board  of  engineers,  should 
the  action  ot  such  board  be  necessary  to  secure  the  approval  of  the  depart- 
ment to  any  project  of  improvement  in  this  direction.  The  construction  of 
the  northern  extension  is,  however,  of  the  first  importance,  and  appropri- 
ations are  ugently  requesi  ed,  at  least  of  sufficient  magnitude  to  prevent  a 
total  interruption  in  the  progress  of  the  work  until  this  part  of  the  har- 
bor is  properly  protected. 

The  following  statement  from  the  collector  of  customs  for  this  district, 
together  with  the  additional  statistics  derived  from  other  sources,  exhib- 
its (approximately)  the  commercial  importance  of  this  harbor: 
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CusTOM-HousE.  District  of  Vermont, 

CoUeetor'B  Office,  Burlington,  Vt  August  21y  1869. 


Dear  Sir  :  In  reply  to  yonrs  under  date  6tb  instant,  the  following  statement  is  sab- 
mitted,  which  is  as  nearly  correct  as  time  will  allow : 

Number  of  arrivals  and  departures  of  yessels  of  all  kinds  to  and  from  the 

port,  of  Burlinffton,  Vermont 7,090 

Total  tonnage  of  said  vessels 4, 180, 562 

Value  of  foreign  imports  into  the  district  of  Vermont $3, 217, 671  00 

Amount  of  duties  received  on  the  same $644, 931  90 

We  have  no  data  from  which  to  make  a  report  of  domestic  commodities  received  and 
shipped  from  this  port. 

Very  respectfully,  your  obedient  servant, 

M.  P.  SEEELS, 

J>^.  Collector. 
Colonel  J.  W.  Barlow, 

Burlington,  Vermont, 

The  above  report  is  for  the  fiscal  year  ending  June  30, 1869. 

Statement  of  miscelluneoiis  article  received  at  this  port  during  the  year. 

Lnmber,  feet 100, 000, 000 

Pig  iron,  tons 12, 350 

Coal,  tons 22, 050 

Moulding  sand,  tons 1, 650 

Iron  ore,  tons 6, 000 

Bar-iron,  tons 1, 000 

Merchandise,  tons 6, 750 

Wood,  cords 3, 000 

Eailroad  ties 25, 000 

Produce,  bushels 5, 000 

It  is  expected  that  these  items  will  be  largely  increased  during  the 

coming  year. 

Amount  required  for  permanent  completion  of  the  present 
extension,  (840  feet,)  based  upon  the  cost  of  the  work  now 
in  progress $160, 000  00 

Amount  to  be  profitably  expended  during  next  fiscal  year.      75, 000  00 

Cash  on  hand  July  1, 1868 $14, 745  78 

Eeceived  during  the  year 46, 181  32 

60, 927  10 
Expended  during  the  year 48, 912  16 

Balance  on  hand  June  30, 1869 12, 014  94 

Amount  required  for  year  ending  June  30, 1871 $75, 000  00 


The  breakwater  is  situated  at  Burlington,  Vermont,  in  the  collection 
district  of  Vermont,  fifty-three  miles  from  Fort  Montgomery,  Bouse's 
Point,  New  York,  the  nearest  fort.  There  are  two  lights  upon  the  break- 
water, and  a  light-house  carrying  a  Fresnel  light  of  fourth  order,  situa 
ted  upon  Juniper  Island,  three  and  a  half  miles  distant. 
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Abstract  of  contracts  for  material  and  labor  for  oonatruoHng  the  breakwater  at  Burlington f  Vt 


Names  of  oontraotors. 

Material  or  labor  contraoted  for. 

Price. 

TL  Nelaou  Gere 

"Wrought  iron  bolts 

4. 95-100  cents  per  ponnd. 

Do 

Wronirht  iron  spikes 

6. 8-10  cents  per  pound. 

$4  37i  cents  per  1,000  feet  (b.m.) 

Jenmnirs  and  Hart 

Constructing  and  placing  uribs 

Stone  in  cribs 

Luther  "Wliltnev 

fl  per  cubic  yard. 
24  cents  per  uneol  foot. 
Do. 

Hart  an<l  Jenniiiirs 

Hemlock  timber.  12  bv  13  . . . .  i. 

Do. 

"White  nine  timber.  12  bv  12 

Do. 

Hemlock  nlank,  3-inch ^ ......... . 

$18  per  1,000  feet  (b.  m.) 
125  per  1,000  feet  (b.  m.) 
10  cents  each. 

Do. 

W  hite  nine.  3-inch 

Do. 

Treenails 

Eespectfully  submitting  the  foregoing  rei)ort,  I  am,  general,  your  obe- 
dient servant, 

J.  W.  BARLOW, 
Captain  of  Engineers  and  Brevet  Lieutenant  CoUmel  U.  8.  A. 

Brevet  Mjijor  General  A.  A.  Humphreys, 

Brigadier'  Oeneraland  Chief  of  EngineerSj 

Office  oftJie  Chief  of  Engineers^  Washington^  D.  C. 


Appendix  H. 

United  States  Engineer  Office, 

Bavenportj  lowa^  September  20, 1869. 

General  :  The  following  is  a  report  of  progress  made  in  the  works  of 
river  improvement,  &c.,  under  my  charge  for  the  fiscal  year  ending  June 
30, 1869,  with  an  account  of  the  steps  taken  for  the  prosecution  of  the 
work  during  the  present  working  season  and  the  probable  progress  that 
will  be  made  therein. 

At  the  beginning  of  the  fiscal  year  ending  June  30, 1869, 1  was  con- 
ducting works  under  the  following  appropriations,  with  the  available 
means  as  set  opposite  to  them : 

1.  Survey  of  western  and  northwestern  rivers $13, 723  33 

2.  Dredge  and  snag-boats  on  Mississippi  Eiver 15, 336  93 

3.  Dredge  and  snag-boats  on  Wisconsin  Eiver 37, 148  04 

4.  Eemoving  snags  and  boulders  from  Minnesota  Eiver. . .  17, 916  26 

5.  Surveys  for  military  defenses,  Gettysburg 4, 500  00 

6.  Eepair,  preservation,  &c.,  of  river  and  harbor  works 26, 000  00 

In  the  spring  of  1869  I  also  received  the  following  additional  allot- 
ments: 

Surveys  for  military  defenses,  Gettysburg $5, 000  00 

Bepair,  preservation,  &c.,  river  and  harbor  works,  appro- 
priated in  February,  1869 36, 000  00 

The  following  is  the  amount  disbursed  during  the  fiscal  year,  including 
taxes  reserved : 

1.  Survey  of  western  and  northwestern  rivers $12, 369  38 

2.  Dredge  and  snag-boats  on  Mississippi  Eiver 15, 336  93 

3.  Dredge  and  snag-boats  on  Wisconsin  Eiver 15, 523  12 

4.  Eemoving  snags  and  boulders  from  Minnesota  Eiver  . .  17, 916  26 

5.  Surveys  for  military  defenses,  Gettysburg  ./. 6, 032  65 

6.  Eepair,  preservation,  &c.,  of  river  and  harbor  works  ...  29, 159  81 

96, 328  35 
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The  following  is  the  amount  available  from  each  appropriation  for 
work  under  my  charge  at  the  beginning  of  the  present  fiscal  year : 

1.  Survey  of  western  and  northwestern  rivers $1, 354  00 

2.  Dredge  and  snag-boat  on  Wisconsin  Eiver 21, 624  92 

3.  Eemoving  snags  and  boulders  from  Minnesota  Eiver  - .  724  07 

4.  Surveys  for  military  defenses,  Gettysburg 3, 467  35 

6.  Eepair,  preservation,  &c.,  of  river  and  harbor  works 32, 840  19 

6.  Du  Luth  and  Bois  Fort  Eeservation  road 10, 000  00 

7.  Bridge  at  Eock  Islajid 700, 000  00 

770, 010  53 


The  following  estimates  are  for  additional  amounts  that  will  be  needed 
during  the  fiscal  year,  ending  June  30, 1871: 

For  surveys  on  the  Mississippi  Eiver,  from  Winona  to  La 

Crosse,  thirty  four  miles,  and  for  completing  maps $10, 000  00 

For  surveys  and  examination,  above  falls  of  St.  Anthony,  to 

determine  practicability  of  reservoirs 10, 000  00 

For  completing  maps  of  surveys  already  made 5, 000  00 

For  operating  two  scraper  and  snag-boats^  and  necessary 

repairs  to  them,  on  the  upper  Mississippi  Eiver 36, 000  00 

For  dams  to  close  up  channel  injurious  to  navigation  of 

Upper  Mississippi 15, 000  00 

For  operation  of  snag-boat  on  Wisconsin  Eiver 15, 000  00 

For  improving  navigation  of  Wisconsin  Eiver,  by  means  of 

dams 100, 000  00 

For  completion  of  removal  of  snags  from  Minnesota  Eiver.  15, 000  00 
For  remainder  of  the  allowance  of  $1,000,000  for  railroad 

and  highway  bridge,  connecting  Eock  Island  arsenal  with 

Davenport 300, 000  00 

I  will  now  give  an  aecount  of  the  work  done  under  each  appropriation, 
and  the  reasons  for  which  additional  appropriations  are  asked. 

1.  UNDEB  APPBOPEIATION  FOB  SUBVETS  OF  WESTEBN  AND  NOBTH- 

WESTEBN  BIVEBS. 

During  the  last  fiscal  year,  the  surveys  were  confined  to  the  sites 
of  the  new  bridges  which  had  been  built  since  1866,  and  a  partial  resur- 
vey  of  the  old  bridges,  to  determine  what  changes  had  taken  place. 

This  was  done  as  part  of  the  duty  assigned  me  of  collecting  informa- 
tion in  relation  to  bridging  the  Mississippi  between  St.  Louis  and  St. 
Paul.  A  survey  was  also  made  of  Dubuque  harbor  and  Alton  harbor, 
which  was  useful  not  only  in  making  a  plan  for  preventing  the  injury 
caused  by  sand-bars,  but  in  helping  us  to  understand  the  general  laws 
governing  the  movement  of  these  impediments  to  navigation. 

It  is  believed  our  surveys  on  the  Mississippi  and  Wisconsin  are  now 
nearly  sufficient  to  decide  upon  the  best  plans  of  improvement  according 
to  the  money  which  may  be  supplied.  It  is  very  desirable,  however,  to 
complete  the  Mississippi  survey  down  as  far  as  La  Crosse,  a«  our  sur- 
veys have  not  been  carried  below  Winona,  and  there  are  very  shoal 
places  in  this  intermediate  distance  of  thirty-four  miles.  Now  while  we 
have  all  the  boats  and  materials  on  hand,  and  experienced  men  in  our 
service,  this  work  can  be  done  much  more  economically  and  better  than 
hereafter,  and  I  have  estimated  for  $10,000  to  do  this,  and  comx)lete  the 
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maps.  The  maps  of  the  surveys  we  have  made  are  as  nearly  complete 
as  it  is  desirable  to  make  them  while  the  surveys  are  in  progress,  but  at 
their  close  it  will  require  about  $5,000  more  to  finish  them  up.  I  have 
also  estimated  for  $10,000  to  make  surveys  and  examination  above  the 
Falls  of  St.  Anthony,  with  the  \iew  of  ascertaining  the  pra<5ticability  of 
forming  large  reservoirs  on  the  head- waters  of  the  Mississippi,  to  aid  in 
keeping  up  the  navigation  at  low  stages.  Whether  practicable  or  not, 
the  question  has  attracted  a  great  deal  of  attention  and  interest.  On 
the  sulgect  of  western  river  surveys,  I  think  it  is  very  desirable  to  have 
some  general  system  adopted,  and  a  request  made  to  Congress  to  main- 
tain it  by  regular  annual  appropriations  till  all  the  navigable  streams 
are  properly  surveyed.  It  is  a  kind  of  survey  that  to  be  worth  much 
requires  large  experience  and  knowledge  of  things  not  generally  known. 
Onie  surveys  that  have  been  made  are  generally  imperfect,  and  permanent 
marks  are  seldom  established  to  which  any  reference  can  be  made,  after 
a  few  years  have  elapsed.  The  surveys  of  the  rivers  of  the  Mississippi 
Valley  should  be  organized  similar  to  oui  lake  surveys. 

2.    APPBOPRIATION    FOB    DBEDOE    AKD    SNAO-    BOAT    ON    MISSISSIPPI 

BIVEB. 

The  two  boats;  Montana  and  Gaffrey,  were  put  in  good  order  in  the 
beginning  of  the  season  of  1868 ;  but,  before  the  snagging  apparatus 
was  fixed  on  the  GafGrey,  the  unusually  early  low  water  called  her  to  the 
work  of  scraping  on  the  bars.  The  Montana,  however,  was  fully  fitted 
out  with  cranes  and  hoisting  engines.  It  was  a  season  that  very  fully 
demonstrated  the  success  of  this  method  of  deepening  the  water  on  the 
bars  by  scraping  where  the  channel  was  needed.  The  water  was  so  low 
when  the  Gaflfrey  commenced  work,  July  12th,  that  the  large  boats  were 
stopped.  She  almost  immediately  deepened  the  water  so  as  to  allow 
them  to  resume.  The  river  kept  oscillating  between  a  three  and  four 
feet  depth  on  the  bars,  causing  work  to  be  done  over  again  after  every  rise 
and  fall.  The  GafOrey  did  double  duty  while  the  snagging  apparatus 
was  being  put  on  the  Montana,  and  thus,  as  it  was  not  a  year  of  extreme 
low  water,  the  capacity  of  the  two  boats  was  not  half  required  in  scrap- 
ing at  the  same  time.  During  the  season  the  GafErey  was  employed  one 
hundred  and  twelve  days^  the  Montana  sixty-seven  days.  I  have 
appended  the  report  of  H.  G.  Long,  United  States  civil  engineer  in 
charge  of  this  work.  It  contains  aU  the  desirable  detailed  ini'ormation 
concerning  the  operation  of  the  boats  under  my  charge,  the  opinion  of 
prominent  river  men  on  the  value  of  the  operation,  an  account  of  the 
operation  of  another  boat  fitted  out  with  a  scraper  by  private  companies 
to  operate  between  St.  Louis  and  Keokuk,  of  another  fitted  out  by  Golo- 
nel  Macomb,  United  States  engineers,  and  a  rex>ort  of  the  operations  of 
Colonel  Macomb's  snag-boats,  made  by  direction  of  Golonel  Macomb. 

During  the  season  of  1869  the  low  water  again  called  for  work  on  the 
part  of  the  Gaffrey  early  in  July,  and  she  prevented  any  suspension  of 
navigation  by  the  largest  boats.  The  rise  which  took  place  in  August 
suspended  her  operations,  and  she  was  laid  up  on  the  8th  instant. 

The  Montana  has,  however,  been  kept  in  readiness  to  scrape  the  bars, 
if  they  again  appear^  and  in  the  mean  time  is  employed  in  removing 
snags,  stumps,  hanging  trees,  &c.  The  Montana  and  Gaffrey  were 
ordinary  merchant  boats,  not  built  for  the  service,  and  though  they 
have  demonstrated  the  value  of  this  method  of  improvement,  they  are 
not  as  efficient  as  boats  could  be  now  constructed,  specially  adapted  to 
snagging.    They  require  some  additional  appliances  and  repairs,  yet  I 
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have  but  estimated  for  the  amount  of  funds  necessary  to  operate  them 
the  next  season.  This  method  of  improvement  requires  to  be  made 
every  year.  The  bars  reappear  after  each  high  water,  and  generally  in 
a  different  place  from  what  they  were  before,  so  that  if  wing-dams  were 
used  to  deepen  the  water  of  one  season,  another  set  would  be  required 
the  next  season,  and  cost  more  than  running  the  boats,  and  our  boat^ 
also  point  out  tne  channel  by  marks  on  the  shore.  Stumps  and  logs, 
too,  are  each  year  appearing  in  the  channel,  so  that  their  removal  must 
be  made  every  year.  The  work  in  this  respect  is  not  unlike  the  light- 
house and  buoy  system  along  the  ocean  and  lake  coasts. 

We  are  at  considerable  expense  with  our  boats  when  not  in  use,  as  we 
are  compelled  to  have  an  engineer  and  master  always  on  hand. 

When  the  rapids  are  improved  so  that  these  boats  can  go  below,  when 
not  needed  on  the  Upper  Mississippi,  the  field  of  their  operations  could 
easily  be  extended  to  Cairo  without  greatly  increased  expense.  All  the 
allotments  to  me  from  appropriation  for  repairs,  preservation,  &c., 
($26,000)  made  in  1868,  have  been  expended  under  the  head  of  dredge 
and  snag  boats  on  the  MissiBsippi  Eiver,  but  a  considerable  portion  of 
it  was  for  completing  maps  of  the  river,  and  other  office  expenses. 
Several  small  channels  in  the  upper  part  of  the  river  draw  off  the  water 
from  the  main  channel,  and  it  is  advisable  to  close  them  up.  Such  are 
at  Pig's  Eye  Island,  Picayune  Island,  Boulanger's  Island,  Nininger  Island, 
Prescott  Island,  Beef  Slough,  and  Eolling  Stone.  I  have,  therefore,  esti- 
mated for  $15,000  to  begin  this  work.  It  will  probably  require  $15,000 
more  to  complete  it. 

3.  APPEOPBIATION  FOB  DREDGE  AND  SNAG  BOAT  ON  WISCONSIN  BIVER. 

Of  this  appropriation  of  $40,000  made  in  the  spring  of  1867,  very  little 
was  expended  that  year,  only  one  assistant  being  employed  under  it  to 
assist  on  the  survey  of  the  river,  and  prepare  himself  for  conducting 
the  improvement. 

The  mode  of  operating  being  then  untried,  it  was  deemed  sufficient  to 
test  the  matter  with  the  two  boats  on  the  Mississippi,  so  as  to  have  a 
guide  to  that  on  the  Wisconsin.  A  thorough  survey  of  this  river  was, 
however,  made  in  1867,  and  a  portion  of  this  appropriation  has  be^n 
since  used  in  completing  the  maps.  Although  the  improvement  of  the 
navigation  of  the  Wisconsin  is  feasible  to  a  desired  extent,  yet,  the 
establishment  of  a  thorough  line  for  communication  between  the  Mis- 
sissippi and  Green  Bay  is  a  serious  question.  The  greatest  impediment 
to  navigation  now  consists  in  the  three  railroad  bridges  and  four  wagon 
road  bridges  across  it.  These  bridges,  particularly  the  railroad  ones, 
are  badly  located  for  navigation  j  their  draws  are  too  narrow,  and  some 
of  th^m  completely  choked  up  with  sand.  Dams  will  have  to  be  built 
to  free  the  draws  from  sand-bars,  and  the  bridges  ultimately  must  be 
rebuilt.  I  have  estimated  for  funds  to  make  these  and  other  dams,  and 
wished  to  use  these  dams  with  the  work  of  suagging  and  scraping,  so 
that  the  benefit  of  this  latter  should  not  be  lost  by  reason  of  the  obstacles 
the  bridge  occasions.  I  had,  therefore,  conducted  the  work  under  this 
appropriation  so  far,  with  very  little  expenditure. 

In  September,  1868,  I  purchased  the  small  steamboat  Winneconne 
for  $8,500.  She  was  well  calculated  for  pulling  out  snags,  by  reason  of 
special  machinery  on  board  of  her,  designed  for  towing  ratts.  She  was, 
however,  found  to  draw  too  much  water  to  operate  well  last  season. 
This  season  she  has  been  put  in  good  order,  and  has  gone  to  work  at 
Portage,  designed  to  clear  the  channel- way  or  snags  and  leaning  trees, 
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working  down  stream.  I  have  estimated  for  $15,000  to  continue  her 
operations  next  year,  and  for  $100,000  to  be  used  in  making  dams.  I 
shall  endeavor  to  present  a  full  special  report  on  this  river  this  winter, 
discussing  fully  the  plan  of  improving  the  navigation  of  the  river,  or  of 
constructing  an  independent  canal. 

A  careful  reconnoissance  was  made  in  the  autumn  of  1868,  to  fill  in  the 
details  where  not  covered  by  the  survey  of  1867^  and  the  maps  are  now 
all  nearly  completed,  and  enable  a  full  discussion  of  the  subject  to  be 
made. 

4.  APPROPRIATION  FOR  REMOVING  SNAGS  AND  BOULDERS  FROM  MIN- 

NESOTA RIVER. 

The  amount  Of  $37,500  was  appropriated  in  the  spring  of  1867  for 
removing  these  obstructions  from  the  Minnesota  Eiver,  from  !N'ew  XJlm 
to  the  mouth,  according  to  the  estimate  sent  in  by  me. 

To  do  this,  a  contract  at  very  reasonable  rates  was  entered  into  with 
Mr.  Sandford  A.  Hooper,  of  Belle  Plaine.  The  rates  were  such  that 
this  sum  would  more  than  remove  all  the  obstructions  estimated  for,  but 
during  August,  1867,  a  most  unusual  flood  occurred  in  the  Minnesota 
Eiver  and  tributaries,  which  tore  away  acres  of  the  bank,  and  precipitated 
the  trees  into  the  channel,  so  that  it  was  found  that  the  original  estimate 
did  not  include  half  as  many  snags  as  were  found  when  the  work  of 
removal  began.  On  this  account  the  work  of  removal  was  not  carried 
above  Maukato. 

At  first  the  work  was  begun,  at  Mankato,  and  continued  down  to  lower 
end  of  Hurricane  Bend,  distance  of  four  miles.  It  was  then  found  best  to 
begin  at  the  mouth  of  the  river,  and  work  up  stream.  The  number  of 
snags  of  all  dimensions  removed  up  to  September  1, 1868,  can  be  seen 
in  my  last  annual  report.  During  the  remainder  of  the  season  there 
were  removed  o^  follows:  30  between  4  and  6  inches  in  diameter;  681 
between  6  and  20  inches;  38  between  20  and  30  inches;  17  between  30 
and  36  inches;  6  between  36  and  42 ;  and  8  more  than  42  inches  in  diam- 
eter; and  41 J  cubic  yards  of  boulders.  This  exhausted  all  but  about 
$724  07  of  the  appropriation,  which  was  reserved  for  special  cases,  and 
will  all  be  applied  this  season. 

There  remains  about  26  miles  of  river  between  Lower  Le  Sueur  and 
Hurricane  Bend,  and  all  the  distance  above  Mankato,  from  which  to 
remove  the  snags.  It  is  very  desirable  to  have  this  work  completed  so 
as  to  fully  realize  what  has  been  done.  The  Upper  Minnesota  Valley  is 
iust  being  developed,  and  this  improvement  will  be  of  great  assistance. 
I  have  therefore  added  an  estimate  of  $15,000  for  continuing  this  work. 

5.  APPROPRIATION  FOR  SURVEYS  FOR  MILITARY  DEFENSES,  BATTLE- 

FIELD OF  GETTYSBURO. 

This  survey  is  designed  to  furnish  accurate  contour  lines  of  the  most 
important  parts  of  this  field,  embracing  an  area  6  miles  by  5  miles.  The 
lines  are  being  staked  out,  and  levelled  200  feet  apart.  During  last 
autumn  these  lines  were  run  1,600  feet  apart,  and  this  season  the  filling 
in  is  being  done,  and  will  all  be  accomplished  some  time  in  October. 
The  map  of  last  year's  survey  is  already  made. 

6.  APPROPRIATION  FOR  THE  DU  LUTH:  AND  BOIS  FORT  RESERVATION 

ROAD. 

The  duty  of  carrying  on  the  work  under  this  appropriation  was  assigned 
to  me  by  orders  from  the  Chief  Engineer's  office,  dated  April  2Sy  1869. 
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The  fuuds  were  not  available  till  July  1,  but  measures  were  immediately 
takeu  to  ascertain  the  best  way  to  work. 

By  my  direction  Brevet  !M^or  Stickney,  United  States  Engineers^ 
investigated  the  subject,  and  the  following  extract  from  his  report  con- 
tains afi  the  information  to  be  had  at  the  time: 

^'The  country  between  Du  Luth  and  the  Indian  reservation  is  a 
succession  of  hills  and  swamps,  with  numerous  small  lakes  interspersed. 
The  ridges,  tending  nearly  northeast  and  southwest  are  rocky,  and  for 
the  most  part  quite  thickly  timbered  with  pine,  white  bii'ch,  ana  poplar^ 
the  swamps  having  tamarack  and  spruce.  Parallel  with  these  ridges, 
and  nearly  at  right  angles  to  the  direction  of  the  proposed  road,  are  five 
rivers  of  considerable  size,  viz:  Cloquet,  White  Face,  St.  Louis.  Embar- 
rass, and  Vermilion,  besides  some  smaller  streams,  all  of  which  will  require 
bridging.  The  first  road  made  in  this  locality,  being  entirely  a  private 
enterprise,  unaided  by  any  public  appropriation,  was  cut  with  the  least 
possible  expense  and  labor,  extending  from  Du  Luth  to  Yemiilion  Lake, 
and  taking  in  its  course  as  far  as  possible  aU  the  swamps,  lakes,  &c.,  it 
being  intended  only  for  winter  travel.  In  the  forepart  of  1868,  the 
legislature  of  Minnesota  appropriated  $5,000  for  cutting  out  a  road 
between  the  above  named  points.  This  work,  under  the  direction  of  the 
commissioners  of  St.  Louis  County,  was  placed  in  the  charge  of  Mr.  Gheo. 
E.  Stuntz,  who  executed  his  charge  in  the  most  creditable  manner,  in  the 
summer  of  1868. 

"Last  winter  the  legislature  appropriated  an  additional  sum  of  $1,000, 
and  about  the  same  amount  was  raised  by  private  subscription,  which  has 
also  been  expended  upon  the  road.  In  cutting  out  this  second  road  all  ob- 
stacles were  avoided  where  it  could  be  done  economically,  and  advantage 
taken  of  the  best  ground  for  thelocation  of  the  road,  and  unavoidable  cross- 
ings. The  appropriation  being  small,  however,  considering  the  nature  of 
the  comitry,  nothing  could  be  done  beyond  the  cutting  out  of  the  road,  and 
corduroying  some  of  the  worst  places,  leaving  the  rivers  unbridged  and 
the  swamps  unimproved,  and  the  road  practicable  only  for  winter  travel. 
Beyond  Vermilion  Lake,  or  rather  between  that  and  the  reservation, 
there  is  no  road,  the  country  is  but  little  known,  and  I  have  not  been 
able  to  gain  much  reliable  information  concerning  it;  but  from  what  I 
have  obtained,  there  is  comparatively  high  land  extending  from  Vermil- 
ion Eiver  northwest  to  Nett  Lake,  with  no  considerable  streams  and 
but  little  swamp,  and  heavily  timbered.  The  usual  way  of  'communica- 
ting between  Vermilion  and  !N'ett  Lakes  is  by  canoe,  through  a  chain  of 
small  lakes,  which  extend,  with  the  exception  of  a  few  small  portages, 
from  Vermilion  Lake  to  Telican  Lake.  Of  the  country  in  a  direct  line 
between  Du  Luth  and  Nett  Lake  I  have  but  little  information,  but  it 
appeared  to  be  of  the  same  character  as  that  through  which  the  present 
road  passes. 

"The  direct  distance  between  these  two  points  is  about  100  miles,  and 
by  the  Vermilion  route  130  miles,  being  84  miles  to  Vermilion  and  45 
from  there  to  Nett  Lake. 

^^  Mr.  J.  Eamsey ,  one  of  the  commissioners  appointed  to  locate  the  reser- 
vation, informs  me  that  since  its  original  location  and  surveys  by  Mr. 
Stuntz,  it  has  been  moved  about  6  miles  to  the  east,  so  as  to  include 
Pelican  Lake,  and  that  the  buildings  of  the  reservation  are  on  the  shores 
of  that  lake,  which  is  six  miles  nearer  than  Nett  Lake. 

"If  an  entirely  new  road  were  made,  the  $10,000  appropriated  would 
not  more  than  cut  it  out  and  survey  it,  leaving  the  crossing  of  streams 
and  swamps  unimproved.  Such  a  road  the  inhabitants  have  already, 
and  would  scarcely  appreciate  a  second.    In  my  opinion,  the  most  judi- 


BEPOBT  OF  CHIEF  OF  ENGINEEBS.  193 

cious  ontiay  of  the  money  appcopriated  woald  be  to  expend  the  mtyor 
piurt  of  it  on  bridging  the  rivers,  and  improving  the  swamp  crossings  on 
Mr.  Stantz's  road,  to  a  point  jast  this  side  of  the  second  crossing  of  the 
Yermilion  Biver,  leaving  salBcient  to  cnt  ont  a  road  from  the  latter  point 
to  Pelican  Lake.  Sncb  a  road  uronid  be  between  115  and  120  miles  in 
length,  and  would  probably  suit  all  parties  interested.  The  travel  on 
the  road  would  be  principally  the  hauling  of  merchandise,  supplies,  &c., 
to  IJie  Vermilion  mining  district,  and  on  that  part  beyond  Yermilion, 
the  hauling  of  Indian  supplies  only,  the  nature  of  the  country  being 
iiach  as  to  invite  settlement  only  in  the  mining  district. 

^Mr.  Stuntz  gives  the  following  as  the  amount  of  bridging  required, 
which,  from  information  received  from  other  sources,  is  a  pretty  large 
estimate: 

Feet, 

Cloquet  Biver 260 

White  Face  River 120 

8t.  Louis  Eiver 150 

Embarrass  River 75 

Vermilion,  first  crossing 80 

Several  smaller  streams,  about • 300 

975 

and  about  one  mile  of  swamp  crossing  to  be  improved.  With  these 
improvements,  he  states,  the  road  will  be  practicable  for  hauling  light 
loadsj  (he  probably  means  in  summer,  as  the  road  is  now  practicable 
for  winter  travel.)  ^ 

The  plan  proposed  by  Major  Stickney  was  recommended  by  me,  and 
approved  by  the  Chief  of  Engineers.  Mr.  Geo.  R.  Stuntz,  so  familiar 
with  this  region,  and  strongly  recommended  by  every  body  at  all  ac- 
quainted with  it,  was  appointed  engineer  to  construct  the  road,  by 
employing  such  labor  as  he  required. 

His  report,  dated  August  9,  saysj  "Thus  far  I  have  had  extremely 
rainy  weather  to  contend  with.  I  made  fair  progress  up  to  the  24th  of 
July,  and  had  repaired  the  road  by  building  bridges  and  corduroys,  and 
grading  side-l3ring  ground,  and  had  cut  a  large  portion  of  the  timber  for 
the  heavy  bridge  across  the  Cloquet,  twenty  miles  from  Du  Lnth.  The 
excessive  rain  of  that  date  raised  the  river  so  that  I  had  to  move  baek  a 
large  portion  of  the  timber,  and  suspended  operations  partially  for  three 
days.  Since  then  the  weather  has  been  better,  and  I  am  in  hopes  to 
bave  the  bridge  completed  this  week.    •  •  •    My  party  are 

well  adapted  to  the  work,  and  are  in  good  working  order.  The  flies  have 
been  distressing,  but  are  now  nearly  gone.'^ 

On  September  1  Mr.  Stuntz  writes:  **  I  have  completed  the  large  bridge 
across  the  Cloquet  River.  This  bridge  is  370  feet  long,  main  span  54 
feet,  suspended  on  arch  braces,  well  joined.  This  week  I  shall  reach 
Big  White  Face  River.  Tlie  bridge  at  that  stream  will  not  delay  us  long, 
being  only  120  feet  in  length.  We  have  had  an  excessively  wet  season 
thus  far:  the  prospect  now  is  better,  and  1  am  pushing  the  work  more 
tapidly.'' 

On  September  8  Mr.  Stuntz  reports:  "I  have  repaired  the  road  up  to 
the  forty-second  mile,  and  have  built  the  bridge  across  tjie  Big  White 
Face  River."  "I  shall  be  compelled  to  increase  my  force  about  six  men, 
in  order  to  explore  and  survey  the  new  portion  of  the  road  from  the 
seventy-seventh  mile-post  on  the  Vermilion  road  to  2Tett  Lake.  We  have 
now  a  prospect  of  mucb  better  weather,  and  consequently  we  shall  be 

13   . 
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able  to  make  better  progreas.  The  whiAe  oountry  is  now  flooded  with 
the  excessive  rains  of  last  week,  bat  a  few  days  of  dry  weathcsr  will 
enable  us  to  move  again." 

Mr.  Stantz  has  b^n  employing  about  fifteen  men  and  two  yokes  of 
oxen.  Expenditures  up  to  August  31  about  $2,000.  Accompanying 
this  report  is  a  map  of  the  road,  on  a  scale  of  6  miles  to  an  inch* 

BRIDGE  OONNBOTm a  BOOK  ISLAin>  ABSBNAI«  WITH  DAYENPOBT. 

Orders  were  received  by  me  to  proceed  to  Davenport  and  take  charge 
of  this  work  on  the  13th  of  July  last,  and  give  my  earnest  attention  to 
it.    This  I  have  done. 

The  laws  and  resolutions  providing  and  making  appropriation  for  this 
bridge  required  it  to  be  for  a  double-track  railroad,  and  wagon  road  above 
the  raihx>ad,  and  limited  the  cost  of  the  bridge  to  $1,000,000,  the  avenred 
estimate  of  the  Eock  Island  Arsenal  Commission.  We  probably  cannot 
build  such  a  bridge  with  this  amount  of  money,  and  some  modification 
of  the  law  will  have  to  be  made  by  Congress,  either  changing  the  plan 
to  a  single-track  railroad  or  increasing  the  limit  of  its  cost.  It  is 
believed  it  is  a  mistake  to  say  the  commission  made  an  estimate  for  such 
a  bridge. 

I  have  learned  that  a  plan  was  submitted  to  the  commission  by  Mr. 
Johnson,  chief  engineer  of  the  Chicago,  Bock  Island  and  Pacific  rail- 
road, lor  a  single-track  railroad  16  feet  wide,  and  a  wagon  road  along- 
side, over  the  main  river,  17  feet  wide  in  the  clear,  but  with  no  side- 
walks, which  bridge  was  to  have  a  draw,  on  the  pivot  principle,  giving 
two  clear  openings  of  160  feet  each;  the  whole  to  cost  $1,296,292  11, 
from  where  it  left  the  present  raiboad  track  on  the  Illinois  side  to  where 
it  joins  the  present  track  on  Fifth  street,  in  Davenport  Of  this  sum 
$1,046,317  58  was  for  the  part  over  the  main  river,  connecting  Bock 
Island  with  Davenport. 

When  this  plan  was  considered  by  the  commission,  objection  was 
found  to  the  inadequate  width  of  the  wagon  way,  which,  it  was  thought, 
should  be  as  great  as  26  feet,  with  two  sidewalks  of  6  feet  each.  This 
would  so  increase  the  width  of  the  pivot  pier  that  the  proposition  was 
made  to  put  the  wagon  way  on  top.  This  width  of  highway  allowed 
room  for  a  double  raiLroad  track,  and  this  was  recommended  by  the  com- 
mission. I  cannot  learn  that  any  estimate  whatever  was  made  for  th^ 
enlarged  bridge,  but  having  Mr.  Johnson's  first  estimate  in  my  possession^ 
and  applying  the  same  scale  of  prices  to  such  parts  as  would  be  increasea 
by  the  change,  I  find  the  double-track  railroad,  and  enlarged  wagon  way, 
and  sidewalk  across  the  main  river,  would  cost  $1,785,142  67,  and  for 
the  whole  bridge,  making  connection  with  the  existing  track,  $2,121,526  82. 

It  would  then  oe clear,  in  my  mind,  that  the  commission  in  adopting  tiie 
plan  for  a  double-track  railroad  and  highway  38  feet  wide,  (including 
sidewalks,)  did  not  mean  to  adopt  an  estimate  made  for  a  single-track 
railroad  and  highway  only  17  feet  wide. 

But  in  the  agreement  made  by  General  J.  M.  Schofield,  as  Secretary 
of  War,  with  John  F.  Tracy,  president  of  the  Chicago,  Bock  Island 
and  Pacific  Bailroad  Company^  subsequent  to  the  action  of  General  Scho- 
field  as  chairman  of  the  commission,  it  is  ^'ppovided  that  the  aggregate 
cost  of  the  said  bridge  shall  not  exceed  $1,296,292  11,  the  estimate  made 
by  the  commission  appointed  under  the  act  approved  June  27, 1866.'' 
As  this  sum  is  exactly  that  of  Mr.  Johnson's  for  the  single-track  rail- 
road and  narrow  wagon  road,  it  would  seem  that  that  must  be  what  the 
commission  estimate  for. 
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In  aceordaTice  with  the  directions  received  from  yon,  I  have  designed 
the  piers  so  that  either  bridge  can  be  put  on  them  as  Congress  may 
direct,  and  the  work  of  construction  is  now  in  process.  The  contracts 
for  the  masonry  had  all  been  made  by  General  Kodman,  and  under 
these,  according  to  my  plan,  will  cost  about  $175,000.  The  piers  are  to 
be  36  feet  by  7  feet  on  top,  oatter  ^  down  stream,  starting  a  semicircle 
in  horizontal  section.  Up  stream  starting  horizontal  section  to  be  two 
circles  intersecting  at  the  point,  and  tangent  to  the  sides  of  the  pier ; 
described  with  radii  equal  to  the  width  of  the  pier  at  the  section,  the 
slope  of  the  line  of  the  cutwater  is  one  to  one.  The  piers  admit  of  two 
trusses  being  put  upon  them,  giving  a  clear  space  of  28  feet.  I  have 
made  the  design  so  as  to  put  the  wagon  way  under  the  railroad.  The 
railroad  has  an  elevation  on  Mr.  Johnson's  plan  36  feet  above  low  water. 

I  have  plaoed  the  wagon  way  30  feet  above  low  water,  and  raised  the 
railroad  track  so  as  to  give  12  feet  headway,  which  is  sufficient  for  the 
wagon  way.  This  will  fiicrease  Mr.  Johnson's  estimate  of  the  approaches 
tor  a  single-track  railroad  only  $33,766.  The  operation  of  putting  the 
wagon  TMd  on  top  increases  the  cost  of  wagon-road  approaches  over 
Mr.  Johnson's  as  estimated  by  General  Bodman  $142,462.  My  arrange- 
ment idso  saves  a  wagon-road  span  of  190  feet  on  the  Davenport  bank, 
which  amounts  to  about  $17,000.  Bo  that  the  difference  in  cost,  with 
the  wagon  road  underneath,  amounts  to  $125,606  in  fovor  of  the  latter 
plan.  This  plan  is  in  every  way  the  best,  and  puts  the  railroad  so  high 
that  all  the  roads  leading  off  the  arsenal  grounds  can  pass  under  it.  No 
one  objects  to  this  arrangement,  so  I  presume  Congress  wUl  not  hesitate 
to  direct  this  change  at  all  events. 

With  the  clear  space  of  28  feet  between  the  trusses^  and  the  railroad 
above  the  wagon  road,  we  make  the  trusses  33  feet  high,  so  as  to  give 
plenty  of  head  room  below  the  top  lateral  bracing.  The  railroad  floor 
beams  iiimish  an  intermediate  system  of  bracing,  so  that  we  can  make 
the  vertical  posts  secure  against  vibration  and  buckling.  -  We  can  make 
the  wagon  floor  the  whole  28  feet  wide,  put  the  double  track  on  above 
it,  and  then  two  six-feet  sidewalks  on  the  top  chord,  to  be  reached  by 
stairs  ascending  from  the  ends.  This  would  require  for  safety  a  strength 
of  bridge  equal  to  a  load  of  9,000  pounds  per  lineal  foot  of  bridge.  Or, 
we  can  put  the  sidewalks  5  feet  wide  inside  the  truss,  leaving  an  18  feet 
wagon  way,  and  then  the  double-track  railroad  as  before,  which  would 
require  a  strength  of  bridge  equal  to  a  load  of  7^800  pounds  per  lineal 
foot,  or  we  can  have  a  single-track  railroad,  with  trusses  18  feet  apart, 
giving  a  wagon  road  that  wide,  with  two  five-feet  sidewalks  outside  the 
trusses,  and  this  would  require  a  strength  of  bridge  equal  to  a  load  of 
5,300  pounds  per  lineal  foot. 

•  The  cost  of  these  trusses  will,  on  account  of  the  long  floor  beams  in 
the  flrst  two  cases,  be  nearly  in  proportion  to  the  Irad  they  have  to 
carry.  It  is  my  design  to  advertise  for  proposals  to  build  a  superstruc- 
ture on  each  plan,  and  I  will  have  the  results  ready  to  present  to  Congress 
by  the  time  it  meets  again.  In  view  of  the  great  load  which  the  bridge  will 
have  to  carry,  if  made  according  to  the  fiill  requirementsof  the  case,  I  have 
confined  myself  to  the  least  sx>ans  allowed  by  law.  It  is  doubtful 
whether  I  could  venture  to  make  the  draw  span  any  wider,  and  this 
being  the  case,  there  is  no  good  reason  fer  increasing  tibe  others.  I  have 
endeavored  to  keep  the  requirements  of  navigation  uppermost  in  locating 
.the  axes  of  the  bridge  afid  piers.  The  position  of  tiiis  axis  had  been 
agreed  upon  between  General  Bodman  and  the  railroad  company  before 
my  taking  charge,  and  I  found  that  by  locating  the  pivot  pier  so  as  to 
have  one  end  rest  on  the  island,  the  axis  the  of  piers  would  be  in  the 
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direction  of  tbe  cuneBt  in  a  place  where  it  maintained  a  nearly  constant 
direction.  The  current  is,  as  a  whole,  nearly  at  right  anglee  with  this 
axis  of  the  bridge. 

In  some  places  it  inclines  some  3  degrees  one  way.  md  some  places 
as  much  the  other.  Tbe  axis  could  only  be  at  right  angles  with  the 
stream  by  beccNOning  a  broken  line,  and  it  would  have  to  change  its 
direction  with  different  stages  of  the  river.  It  waA.  howeyer,  as  weU 
situated  in  these  respects  as  could  be  expected.  Observations  with 
floats  show  that  the  eddies  below  the  existing  piers  affect  the  ooorse  of 
the  floats  almost  down  to  the  site  of  the  present  bridge,  but  we  nade 
enough  observations  to  eliminate  the  effect,  so  that  we  have  the  main 
course  of  the  current  such  as  it  wiU  be  when  these  piers  aro  mmved. 
We  have  careftilly  determined  the  shape  of  the  bottom  of  the  mer^  and 
see  that  its  form  does  not  mudi  affect  the  course  of  the  ewtieati  ezoept 
near  low- water  stages. 

As  betbre  said,  the  location  of  the  draw  near  the  island  placed  the 
pivot  pier  parallel  with  the  current  on  the  locatioii  adopted  by  General 
Bodman  and  the  railroad  company.  This  was  fortunate,  because  I  had 
received  a  petition  from  the  president  of  both  tiie  steamboat  compa- 
nies to  put  the  draw  at  this  place.  An  examination  of  the  bed  showed, 
too,  that  by  putting  it  here,  the  pivot  could  be  placed  on  4  feet  at  low  water 
on  the  edge  of  a  ledge  of  rock,  wha^eas  by  putting  it  out  more  in  tilie 
middle  of  the  stream,  the  pier  would  have  to  stand  in  12  feet  at  low 
water.  The  pier  placed  on  the  ledge,  besides  causing  less  obstruction 
to  the  flow  of  the  river,  (which  obstruction  increases  the  veloGity  and 
changes  the  direction  of  the  current,)  would  not  only  cost  considerably 
less  in  masonry,  but  also  in  eoffer-damming«  Finr  in  the  case  of  being 
next  the  shore,  the  coffer-dam  can  be  run  out  from  it,  making  thi 
island  act  as  one  side  of  the  coffer-dam,  and  this  same  cofferdam 
answers  for  the  abutment.  This  pivot  pier  and  its  protections  occupy 
a  space  of  near  400  teet  up  and  down  the  river,  and  I  agree  with  Cap- 
tain James  Ward,  president  of  the  Northern  Packet  Company,  that  it 
is,  whenever  practicable,  best  to  have  it  next  the  shora  In  passing  be- 
tween it  and  the  island  the  boats  escape  all  danger  of  striking  the  next 
pier  toward  which  the  large  sise  of  the  pivot  pier  tends  to  direct  the 
current.  If,  too,  at  any  time,  it  should  be  desirable  to  correct  the  flow 
of  the  current  past  the  pivot  pier,  two  short  coffer-dams  could  be  run, 
one  from  each  end  of  it  to  the  shore,  and  that  space  enlarged  so  as  to 
draw  in  more  water,  or  contracted  so  as  to  shut  it  out,  as  the  case 
required. 

Every  requirement  seems  to  be  fulfilled  by  this  position  of  the  pivot 
pier,  except  some  of  those  General  Bodman  regards  as  important  to  the 
arsenal.  First,  he  thinks  it  will  be  in  the  way  of  the  landing  for  boats 
which  he  Resigned  to  make  in  the  bay  above  the  bridge.  Beoond.  he 
thinks  steamlK>ats  will  be  using  the  inside  space  of  the  draw  to  arop 
through,  (which  is  one  of  the  advantages  to  navigation  claimed  for  the 
location,)  and  that  thus  the  seclusion  which  an  arsenal  ground  should 
have  will  be  invaded,  and  trouble  be  likely  to  arise  between  his  watch- 
men and  steamboat  men,  and  that  it  will  put  the  goyemment  to  the 
expense  of  maintaining  a  watchman  at  this  point.  To  obviate  the  first 
objection,  I  would  suggest  making  the  boat  landing  at  the  end  of  the 
island  below  the  bridge,  which  is  a  very  good  place  for  it.  As  to  the 
second  one,  I  think  regulations  can  be  made  that  will  avoid  trooUe. 
The  expense  of  working  the  bridge  has  to  be  partly  borne  by  the  gov- 
ernment, and  this  will  require  several  men  constantly  at  the  dmw. 
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These  men  coald  be  so  armed  as  to  sappress  any  attempt  of  vicious  men 
cm  tte  steamboats  to  interfere  with  the  regulations  on  the  island. 

I  have  informed  General  Bodman  of  my  choice  of  location.  So  far  as 
I  know  I  have  given  his  objections,  but  I  do  not  think  them  sufficient 
to  change  my  plan.  He  h€ts  been  most  friendly  and  courteous  to  me  in 
all  our  dealings,  and  I  am  sorry  we  cannot  agree  in  this  matter.  I  am 
informed  that  my  arrangements  are  satisfactory  to  the  railroad  company. 

Having  located  the  draw  spans,  I  make  the  next  span,  a«  the  law 
requires,  250  feet  in  tiie  clear.  The  abutment  on  the  Davenport  side 
I  place  on  the  line  of  low  water.  The  curve  of  the  shore  is  such  that 
there  is  still  water  at  all  medium  stages,  and  I  think  will  not  much 
obstnict  the  flow  ot  the  water,  even  at  the  highest  floods.  The  great 
advantage  to  me  in  putting  the  abutment  thus  far  out  is  to  enable  me 
to  g^  down  firom  the  level,  ten  feet  above  high  water,  to  the  streets  of 
Davenport  without  too  much  obstructing  them.  The  city  council  of 
Davenport  passed  an  ordinance,  at  my  request,  raising  the  grade  of  the 
streets  opposite  this  abutment  six  feet*  This  makes  a  neat  plan,  with 
good  approaches  leading  in  four  directions  along  the  streets  of  Daven- 
port. From  this  abutment  to  the  250-feet  clear  span  next  to  the  draw 
spaOf  I  have  divided  the  space  into  four  spans  of  220|  feet  each  in  the 
clear  at  low  water. 

The  piers  are  about  nine  feet  thick  at  the  low- water  line,  so  that  the 
lengths  of  spans,  measured  from  center  to  center  of  piers,  are  four  spans, 
230  feet  each,  one  span  260  feet,  one  draw  span  366  ieet;  total  of  wagon- 
road  bridge  is  1,546  feet. 

The  width  of  ^e  Batanil  water  way  of  the  river  at  the  site  of  the  new 
bridge  is  1,625  feet  at  the  present  stage,  which  is  seven  and  one-half 
feet  above  low  water,  (about  half  way  between  high  and  low  water,)  and 
the  area  of  the  section  is  21,590  square  feet.  The  two  abutments  will 
stand  nearly  at  the  edge  of  the  still  water,  and  are  1,542  feet  apart; 
they  reduce  the  area  of  the  section  by  410  square,  feet.  The  section  of 
the  piers  to  stand  in  the  water  at  present  stage  is  1,260  square  feet, 
leaving  an  available  water  way  of  19,920  square  feet.  The  same  things 
»t  the  site  of  ti:ie  old  bridge  are  as  follows:  width  of  natural  water  way 
1,425  feet ;  area  of  natural  section  at  present  stage  17,655  square  feet. 
At  the  island  end  of  the  bridge,  a  point,  projecting  from  the  shore  above, 
makes  still  water  about  forty  feet  from  the  shore,  and  on  the  Davenport 
side,  a  point  and  mill  pier  make  still  water  about  one  hundred  and 
thirty  feet  from  the  shore,  both  together  reducing  the  practicable  width 
of  water  way  to  1,255  feet,  and  contracting  the  water  way  to  16,265 
square  feet  The  piers  in  the  river,  allowing  for  their  oblique  position, 
occupy  at  least  2,800  square  feet  of  the  water  way,  so  tiiat  there  is  left 
but  13,465  square  feet  of  water  way  at  this  time.  The  mean  velocity  in 
the  case  of  the  two  bridges  would  be  immensdy  proportional  to  these 
practicable  areas  of  section,  or  about  as  1  to  1.48,  or  nearly  as  2  to  3. 
That  is,  if  the  siean  velocity  at  tlie  old  bridge  were  six  miles  an  hour, 
it  would  be  only  four  miles  per  hour  at  the  new  bridge.  As  the  water 
rises,  the  section  at  the  old  bridge  widens  somewhat  on  the  island  side. 
while  the  new  one  will  nol^  but  the  greater  width  of  the  old  piers  will 
more  than  compensate  for  this  difference,  and  the  ratio  of  the  areas  of 
the  sections  will  not  be  mucb  changed. 

I  am  satisfied  there  Is  nothing  to  be  apprehended  from  too  great 
velocity  of  the  current  at  my  location  of  the  draw  spans,  for  one  of  the 
spans  win  not  be  in  tlie  swiftest  part  of  the  curr^it.  The  highest 
velocity  observed  at  the  site  of  the  new  bridge  was  six  feet  per  second, 
dr  four  and  one-tenth  miles  per  hour.    At  this  time  the  water  was  ttm. 
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feet  above  low  water.  I  send  a  plan  and  profile  of  this  bridge,  but  as 
the  reports  are  generally  printed  without  the  diagrams^  I  have  made  the 
description  full  enough  to  be  comprehended  without  them. 

The  contractors  have  commenced  work  on  the  Davenport  abutment^ 
and  we  expect  to  get  two  or  three  piers  in  this  season,  but  the  high 
water  makes  it  uncertain  whether  we  can  do  more, 

I  append  letters  from  Captain  W.  F.  Davidson,  president  of  the  North- 
western Union  Packet  Company,  and  Captain  James  Ward,  president 
of  the  Northern  Line  Packet  Company,  urging  that  the  draw  be  placed 
next  the  island. 

NORTHWKSTERK  UnION  PaCKET  COMPANY, 

St  Paul,  Minnesotaf  July  24, 18G9. 

Dear  Sir:  Having  learned  that  yon  have  been  placed  in  chai^  of  the  coDBtmetion 
of  the  Rock  Island  bridge,  I  deeire  to  caU  your  attention  to  the  importanee  <Nt  properly 
locating  the  draw. 

I  trust  that  from  your  experience  yon  have  seen  the  necessity  that  the  draw  should 
be  so  constructed  that  boats  can  drop  through  along  the  snore,  and  I  have  been 
informed  that  the  bridge  is  to  be  so  located  that  the  channel  will  allow  sneh  construc- 
tion. Of  'course  it  is  not  necessary  that  the  draw  should  be  where  the  boats  aotnaUy 
run,  but  it  should  bo  built  where  the  water  is  of  sufficient  depth  at  all  times  for  the 
boats  to  pass. 

I  am  gratified  that  the  planning  and  construction  of  this  'bridge  has  been  placed  in 
your  hands,  feeling,  as  I  do,  that  ^'our  experience  will  give  us  a  bridge  paBsable  at  aU 
times,  without  danger  from  the  wind  or  dark  nights. 

Should  yon  desire  it,  I  think  I  can  secure  a  petition  from  a  large  number  of  prominent 
practical  steamboat  and  river  men  to  the  above  effect. 
Yours,  truly. 

WM.  F.  DAVIDSON, 
Prtsid^nt  qfthe  N(niKwe$ym  Union  Packet  Comjptmy. 

General  G.  E.  Wabben,  Davenport,  Iowa. 

Bock  Island,  July  90, 1869. 

Dear  Sir:  Leamlnj?  that  you  had  charge  of  the  construction  of  the  bridge  across  the 
Mississippi  River  at  Kock  Island,  I  beg  leave  to  call  your  attention  to  the  faet  that  no 
bridge  across  the  Mississippi  has  yet  been  constmctaa  in  accordance  with  the  viewa  of 
what  are  called  rivor  meu,  or  the  people  encaged  in  navigating  the  Mississippi  Biver. 
They  are  almost  unanimous  in  the  opinion  tnat  one  end  of  the  draw  should  rest  on  the 
shore  pier,  where  the  water  is  of  proper  depth  and  not  subject  to  change.  This  would 
enable  boats  to  land  on  dark  nights  and  in  windy  weather,  and  drop  throngh  the  draw 
by  means  of  their  lines  with  siuety,  and  the  draw  should  be  as  wide  as  possible. 
Yours,  very  respectfuUy, 

JAMES  WARD, 
President  of  the  Northern  lAne  Packel  Company. 

General  G.  K.  Warrkk,  U,  S,  A,^  Datenporty  Iowa, 

PERSONAL   REPORT   OF    DUTTBS  OP  SELF  Ain>  THE  DIFFEREKT  OFFI- 
CERS ASny  ASSISTAKTS. 

About  the  middle  of  October,  1868, 1  was  made  a  member  of  $k  spedal 
Pacific  railroad  commission,  to  examine  and  report  upon  the  condition  of 
the  Union  Pacific  railroad,  the  Union  Pacific  railroad,  eastern  division, 
and  the  Sioax  City  and  Pacific  railroad.  This  work  occupied  me  oon- 
tinually  till  the  middle  of  December,  and  while  thus  occupied  the  other 
works  were  carried  on  by  my  assistants. 

The  reports  on  the  condition  of  the  above  named  railroads  were  made 
to  the  Secretary  of  the  Interior.  On  the  16th  of  January,  1869, 1  was 
made  a  member  of  another  special  commission  to  re-examine  the  Union 
Pacific  railroad,  and  the  Central  Pacific  railroad  of  Galitbmia,  and  deter- 
mine upon  tiie  proper  line  for  uniting  them.  This  duty  occupied  me  un- 
til about  the  10th  of  J  uly,  1869.  The  reports  were  made  to  the  Seore- 
taiy  of  the  Interior. 

Brevet  Major  W.  H.  H.  Benyaurd  has  just  reported  to  me,  and  will  be 


BEPOBT  OF  CHDSF  OF  ENGINEEBS.  199 

given  the  duty  of  getting  up  the  designs  of  the  snperstractore  of  the  new 
bridge  at  this  place. 

Brevet  Major  Amos  Stickney,  United  States  Engineers,  reported  to 
me  for  duty  at  Saint  Paul^  December,  1868.  He  was  put  in  charge  of 
the  office  at  that  place  daring  my  absence.  He  organized  and  put  on 
foot  the  work  on  the  Du  Lath  and  Bois  Fort  reservation  road,  and  made 
a  report  of  the  information  to  be  had  relating  to  it ;  most  of  which  I  have 
copied  in  the  body  of  this  report.  He  assisted  me  in  the  general  work 
of  plaining  the  new  railroad,  and  wagon-road  bridge  to  connect  this 
place  with  the  Bock  Island  arsenal,  and  has  been  placed  in  charge  of  the 
eonstraction  of  the  masonry. 

First  Lientenant  William  H.  Chase,  United  States  Engineers,  reported 
to  me  for  duty  on  1st  of  July,  1868.  On  the  12th  of  October,  1868,  he 
was  assigned  to  the  duty  of  surveying  the  battle  field  of  Gettysburg. 
He  has  been  assisted  in  the  work  the  present  season  by  Lieutenant  Thomas 
Ghirtle,  and  a  detachment  of  engineer  soldiers,  temporarily  detached 
from  the  command  of  General  H.  L.  Abbot,  United  States  Engineers, 
for  that  purpose.  Lieutenant  Chase  has  also  been  assisted  by  Mr.  C.  E. 
Davis,  civil  engineer ;  Mr.  H.  A.  Frink,  civil  engineer  j  Mr.  J.  H.  Dager, 
civil  engineer ;  Mr.  E.  A.  Chase,  civil  engineer ;  and  Mr.  William  Hill,  civil 
engineer. 

Mr.  H.  C.  Long,  United  States  civil  engineer,  has  been  throughout 
the  year  in  charge  of  the  operation  of  the  snag  and  scraper  boats,  Mon- 
tana and  CafTrey.  He,  besides,  assisted  in  fitting  out  two  other  such 
boats  to  operate  in  the  river  below  one  field  of  duty,  and  also  inspected 
and  reported  on  Colonel  MacomVs  snag-boats,  at  his  request  and  under 
his  diroction.  He  has  been  assisted  by  Captain  N.  F.  Webb  and  Cap- 
tain Aaron  Russell,  steamboat  captains  of  largest  experience. 

Mr.  D.  W.  Wellman,  civil  engineer,  has  had  charge  of  the  construction 
of  the  maps  of  the  survey  of  the  Wisconsin  Biver,  and  plans  for  its  im- 
provement.   He  has  been  assisted  by  Mr.  W.  W.  Bich,  civil  engineer. 

Mr.  J.  P.  Cotton,  civil  engineer,  has  had  charge  of  the  surveys  on  the 
Mississippi  and  examination  of  the  bridges,  assisted  by  Mr.  W.  Weston, 
civil  engineer,  and  Mr.  A.  M.  Scott,  civS  engineer. 

Captain  Edwin  Bell  has  had  supervision  of  the  removal  of  the  snags 
from  the  Minnesota  Biver,  and  is  at  present  engaged  in  doing  the  same 
on  the  Wisconsin  Biver. 

Mr.  George  B.  Stuntz,  civil  engineer,  has  charge  of  the  Du  Luth  and 
Bois  Fort  reservation  road. 

Mr.  E.  W.  Warren  has  been  the  clerk  in  charge  of  the  general  office. 
The  clerical  work  of  the  office  is  very  considerable,  and  at  times  requires 
the  joint  labor  of  almost  every  one  of  my  assistants. 

BespectfuUy  submitted. 

G.  K.  WABBEN, 
Major  of  Ungineers  and  Brevet  Major  General  U.  8.  A. 

Major  General  A.  A.  Humphreys, 

Chief  of  JSngineera  United  States  Army. 


HL 

United  States  Enoineeb  Opficb, 

8t  Paulj  Minnesota^  February  1, 1869. 

General  :  I  have  the  honor  to  present  herewith  a  tabular  statement, 
marked  sheet  Ko.  1  to  sheet  No.  10^  (inclusive,)  being  a  synopsis  ot 
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work  performed  by  the  United  States  dredging  and  snagging  steamers, 
G.  J.  Caffrey  and  Montana,  in  the  Upper  Mississippi,  above  the  Deft 
Moines  and  Eock  Island  Sapids,  during  the  last  low  season.  (See  ap- 
pendix.) 

Sheets  ISTos.  1  to  6  show  the  work  done  by  the  C.  J.  Gaffirey ;  Nos.  7  to 
10,  the  work  done  by  the  Montana.  These  tables  are  eondensed  ficom 
the  log-book  and  snag  registers  of  the  boats,  and  in  many  cases  give  ia 
a  line  the  substanee  of  the  information  contai&ed  in  two  or  three  pages. 
They  may  properly  be  regarded  as  an  index  to  the  books  mentioned,  to 
which  reference  can  be  made  by  day  and  date  to  the  character  and  ex« 
tent  6f  either  boat's  work  at  any  particular  locality,  stiould  it  be  desira* 
ble  to  have  more  detailed  information. 

From  an  examination  of  these  tables  it  will  appear  that  the  G.  J.  Oaf- 
frey  was  at  work  snagging  and  dredging  or  scraping  the  bars,  inspecting 
and  patrolling  Hie  river,  &c«,  &c.,  from  July  12, 18d8,  to  October  31^ 
1868, 168  days,  including  Sundays,  during  which  time  her  performanee 
was  as  follows,  viz : 

Total  number  of  days  in  commission 112 

Total  number  of  days  snagging 28 

Total  number  of  days  dredging 35J 

Total  number  of  snags  extracted 113 

Total  number  of  trees  cut 207 

Total  number  of  miles  run 3, 834 

Total  number  of  cords  of  wood  used 812J 

The  Montana  oommenced  active  operations,  snagging  and  dredgiDg} 
or  scraping,  August  20,  and  continaed  thus  employed  till  October  3^ 
67  days.  Several  days  were  expended  running  from  Dubuque  to  La 
Crosse  for  repairs,  towing  the  Gaffi»y  thither  for  the  same  purpose,  and 
going  to  St.  Paul,  making  the 

Total  number  of  days  in  commission , 73 

Total  number  of  days  snagging 29 

Total  number  of  days  dredging 2 

Total  number  of  snags  extracted 216 

Total  number  of  trees  cut *. 137 

Total  number  of  miles  run 2, 070 

Total  number  of  cords  of  wood  burned. 457J 

Total  number  of  busihels  of  coal  burned 500 

Becapitulation  of  work. 

Gaffrey. — Snags  extracted 113 

Montana. — Snags  extracted 216 

329 

Gaffrey.— Trees  cut 207 

Montana, — ^Treescut 137 


344 


The  time  given  above  does  not  include  that  expended  while  at  the 
dock  yard.  North  La  Grosse,  undergoing  alterations  and  repairs. 

A  day's  work  is  estimated  from  sunrise  to  sunset;  much  of  the  run- 
ning, wooding,  &c.,  was  done  before  the  fiuriner  and  after  dark,  soma^ 
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times  commencing  at  4  a^  m.^  and  not  leaving  off  till  0  and  10  p.  m.  The 
boats  were  not  laid  up  Sundays  except  for  repairs,  and  only  in  storms  of 
rain,  wind,  or  snow  of  nnnsnal  viol^ice,  and  this  with  a  small  crew  of 
ofGic^rs  and  men,  which  did  not  admit  of  regnlar  watches  daring  the 
twenty-four  hoars,  as  is  the  cnstom  with  packet  steamers. 

Each  boat  was  sappKed  with  one  of  Long's  scrapers.  The  Montana 
had  two  swinging  cranes  of  aboat  fifteen  tons  lifting  power  each,  which 
were  used  to  great  advantage  in  raising  stamps  from  the  bed  of  the  river^ 
snags  and  logs  under  water,  &c.  She  was  idso  rigged  with  doable  cyl- 
ioder  and  hoisting  engines,  which  worked  the  cranes^  and  the  hoisting 
and  lowering  gear  of  the  scraper;  tiiese  with  the  aid  of  her  capstan, 
geared  to  and  worked  by  the  same  engines,  were  all  the  extra  power  she 
possessed  for  snagging  purposes.  The  Gaf&ey  had  only  her  capstan 
worked  by  a  single-cyUnder  engine  formerly  belonging  to  the  Montana, 
for  snaggiDg  purposes,  and  to  raise  and  lower  Hie  scraper.  These  boats 
were  built  for  onUnary  river  trade,  carrying  passengers  and  freight;  the 
Montana  for  the  Missouri,  and  the  Gaffrey  for  t^  Tennessee;  bought 
second-hfimd  by  the  government  and  adapted  to  tiie  service  required. 

The  repairs  and  alterations  referred  to  as  having  been  accomplished 
at  La  Crosse,  consisted  in  hauling  the  Oaf&ey  on  the  ways  repairin^^ 
and  re-calking  her  bottom,  cutting  off  the  forward  guards,  reducing  the 
boiler  and  hurricane  decks,  taking  off  the  texas  and  superfluous  parts 
of  the  cabin,  and  generally  patting  her  in  a  better  oondition  for  active 
operations.  Her  chimneys  and  breeching  also  wens  taken  do¥^,  patched 
and  replaced. 

The  guards  forward,  boiler  deck,  and  hsnicane  roof  of  the  Montana  were 
similarly  reduced ;  her  hull  was  recalked  above  water-line ;  she  was 
le-paintod  on  the  outside,  and  the  horricane  deck  repaired  with  a  cov- 
ering  of  new  canvas.  A  doable-geared  hoisting  engine,  cylinder  six  by 
eighteen  inches,  was  put  up  in  place  of  the  old  singto  engine,  which  was 
transferred  to  the  Gaffrey,  and  the  cranes  and  their  gearing  constructed 
and  set  up.  The  performance  of  tiiis  work  on  both  boats  was  consider- 
ably  delayed,  by  tne  difficulty  of  getting  a  sufficient  number  of  skilled 
mechanics.  On  the  Montana  a  potion  was  done  at  St.  Paul.  The  Gaf- 
frey was  wholly  repaired  at  La  Grosse,  at  the  dock-yards  of  the  N.  W« 
U.  Packet  Company.  The  time  thus  occupied,  was  from  the  date  of 
leaving  winter  quarters  at  Dubuque,  June  ^  1868,  tiU  the  time  eadi  boat 
oonunenced  work  on  the  snags  and  bars. 

When  the  Gaffrey  commenced  work,  (July  12,)  navigation  was  becom* 
ing  uncertain  and  troublesome  to  the  Iwger  clculs  of  lK>ats,  by  reason  oi 
shoal  water,  on  nearly  all  the  principal  bars,  some  fifteen  in  number 
between  La  Grosse  mid  St.  Paul,  a  distance  oi  one  hundred  and  eighty 
miles;  and  the  newq;N^>ers  and  riv^  men  were  clamoring  for  the  '^  gov« 
eniment  boats."  The  fiurst  duty  etgcaned  on  Captain  Bussell,  assisted  and 
supervised  by  Captain  N.  F.  Webb,  both  experienced  pilots  Mid  river 
men,  the  latter  of  nearly  forty  years'  active  service  in  western  river& 
was  to  make  a  thorough  examination  of  the  condition  of  the  river,  and 
the  bars  obstructing  navigation  between  Ia  Crosse  and  St.  PauL 

The  following  depths  were  found  on  the  principal  bars,  the  best  water 
at  each  crossing  being  given: 


July  12, 1868.— Black  Kiver  Grossing 4 

Trempeleau,  scant 4 

Boiling  Stone 3J 

Beef  Slough »J 

Prescott,  scant * 4 
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Feet. 

July  12, 1868— Trininger 3  J 

Gray  Cload,  scant 3 

EedEock 3J 

Pig's  Eye 3 

Frenchman's 4 

The  channels  were  crooked  and  obscure,  the  points  of  the  bars  over- 
lapping each  other,  requiring  considerable  search  to  find  the  deepest 
water;  and  then  it  was  difficult  to  keep  an  ordinary  steamer  in  it. 

The  Gaffrey  commenced  scraping  on  her  way  down  from  St.  Paul,  on 
the  14th,  and  from  that  time  till  the  boats  were  laid  up  in  St.  Paul  for 
the  winter,  October  31,  no  serious  trouble  or  delay  from  shoal  water 
occurred  to  interrupt  navigation;  a  uniform  depth  of  four  feet,  which 
was  the  depth  required  by  act  of  Congress,  being  maintained  at  all  the 
bars. 

The  work  required  at  any  particular  bar  occupied  more  or  less  time^ 
according  to  nature  of  bottom,  force  and  direction  of  currents,  and  the 
extent  of  the  shoal.  Sometimes  the  water  on  the  crest  of  the  bar  was 
sufficiently  deepened  in  the  course  of  an  hour,  th^n  again  it  required  the 
greater  part  of  the  day  to  effect  the  necessaiy  improvement.  A  scrape 
or  drag  across  a  bar  occupied  from  four  to  ten  minutes.  At  Niningei, 
September  1,  the  Caffrey  made  seventy  drags  across  the  bar  in  five 
hours,  or  about  four  and  one-fourth  minutes  each.  The  distance  run 
with  the  scraper  was  about  two  hundred  yards.  To  do  this  she  bad  to 
double  the  distance  going  up  and  down,  and  raise  and  lower  the  scrax)er 
each  time.  This  was  done  and  the  work  successfully  prosecuted  without 
at  any  time  interfering  with  passing  boats.  It  was  so  arranged  that 
the  Oaf&ey  made  a  trip  fh>m  St.  Paul  to  La  Crosse  and  back  once  every 
week  during  the  prevalence  of  the  lowest  stage  of  water,  so  that  every 
bar  requiring  it  was  eiramined  and  worked  at  least  once  every  two  or 
three  days.  This  was  necessary  from  the  occasional  rise  and  fall  of 
water  during  the  season,  and  from  the  channel  being  cut  up  by  badly 
managed  and  badly  piloted  boats. 

When  the  channel  was  sufficiently  dredged  and  put  in  good  condition, 
guide  boards  were  placed  on  either  side  of  the  river  and  along  the  bankSi 
for  the  direction  of  pilots.  These  consisted  simply  of  three-fourths  to 
one-inch  boards  held  together  by  cleats,  about  five  or  six  feet  square, 
painted  white  with  a  large  red  cross  in  the  center,  and  fastened  twenty 
or  thirty  feet  from  the  ground  on  trees,  in  conspicuous  places.  At  first 
considerable  objection  was  made  to  these  guide  boards,  and  ridicule 
heaped  upon  them  by  the  steamboat  men  and  pilots,  but  at  the  close  of 
the  season  there  was  a  universal  acknowledgment  of  their  benefit,  espe- 
cially in  dark  and  cloudy  nights.  Between  the  22d  September  and  3d 
October  (General  Warren  and  myself  visited  Madison,  Wisconsin,  and  the 
route  of  the  Wisconsin,  Pox  River  and  Green  Bay  Navigation  Company, 
accompanied  by  Mr.  B.  J.  Stevens,  vice-president,  Mr.  Kelley,  secretary, 
and  Captain  W.  M.  Edwards,  engineer  of  said  company,  at  which  time 
the  steamer  Winneoonne  was  purchased  for  the  Wisconsin  Biver 
improvement  for  $8,000. 

Between  the  8th  and  12th  of  October  I  visited  and  inspected  the  month 
of  the  Wisconsin  Biver  with  the  steamer  C.  J.  Caffrey,  under  the  follow- 
ing letter  of  instructions: 

Uotted  States  Engixebr  Office, 

8t  Paul,  Minnesota,  October  8, 1868. 

8m:  The  foUowing  general  instmctioni  are  fomislied  for  your  guidance  and  obserr- 
aaee  tiU  an  occasion  may  arise  for  their  being  modified  or  altered : 
1.  Ton  win  keep  the  steamer  Montana  at  work  removing  snags  and  similar  obstruc- 


BEPOBT  OF  CHIEF  OF  EKGINEEB8.  203 

tionfly  catting  trees,  Ao,,  ttom  the  chmmel  and  banks  of  the  liTer  at  Buch  points  is,  in 
yonr  discretion,  sucli  work  seems  to  be  called  for,  and  scraping  the  bars  if  the  water 
gets  low  enongh  to  require  it.  Ij^  is  expected  that  this  boat  wHl  be  actively  employed 
as  designated  until  the  close  of  naTigation,  unless  the  river  should  rise  so  high,  say 
three  or  four  feet  aboTO  present  stage,  as  not  to  require  her  services  in  improving  navi- 
gation any  longer  the  present  seas(»,  in  which  case  she  is  to  be  laid  up,  her  offioers 
and  crew  paid  off  and  <uscharged. 

8.  You  will  proceed  with  the  steamer  C.  J.  Cafirey  to  the  mouth  of  the  Wisconsin 
Biver,  and  make  a  thorough  test  of  her  capacity  to  improve  the  navigation  of  that 
stream  by  scraping  the  bars,  and  aUo  try  the  practicability  of  ascendins  the  stream  at 
the  present  statfe  of  water,  and  passing  through  one  or  more  of  the  bridges.  You  are 
not  to  ascend  this  river  more  than  fifteen  or  twenty  miles,  or  to  attempt  more  than  can 
be  accomplished  in  ten  or  twelve  days;  after  which  period  the  Caffipey  will  resume 
her  regular  work,  snaffging  or  scraping  on  the  Mississippi,  under  the  same  oooditioiis 
as  those  imposed  on  the  liontanab 

You  wiU  make  a  special  report  to  me  of  yonr  operations  with  the  Cafi&ey  on  the 
Wisconsin,  with  such  remarks  and  suggestions  as  you  may  see  fit  to  present. 

The  steamer  Winneconne,  lately  purchased  at  Portage,  for  serviee  in  the  Wisconsin, 
is  expected  to  be  at  the  mouth  of  the  river  by  the  time  of  your  arrival  there.  Yon  may 
direct  Captain  Nefi^  master  of  said  boat,  to  test  her  capabilities  in  extracting  snags 
from  the  river,  or  make  use  of  her  services  in  any  other  way  you  deem  proper,  unless 
otherwise  instructed. 

When  the  occasion  shall  arise  for  soqpending  operations,  you  will  take  the  Montana 
and  Caffirey  to  St.  Paul,  there  pay  off  and  discharge  offioers  and  crew,  potting  the  boats 
in  suitable  trim  for  their  safety  and  the  preservation  of  the  engines  and  machinery 
daring  the  winter,  placing  each  boat  in  charge  of  a  watchman,  whom  you  may  select  for 
that  purpose  in  the  same  manner  and  on  the  same  terms  as  allowed  fast  season. 

Captain  N.  F.  Webb  will  continue  to  act  as  your  general  assistant  in  the  perfiitm- 
anoe  of  the  duties  assigned  you,  cm  tha  completion  of  which  yon  will  report  to  me  for 
farther  orders. 

Yours,  respectfully, 

G.  K,  WARREN, 
Brevet  Major  General  U.  8,  A.,  Jtfofor  ofSugineere. 

M%)or  H.  C.  Long,  U,  S,  Civil  Engineer, 

In  Charge  Breige  emd  Snag^heate,  Upper  Mkeieeippi  Siver. 

The  Caffirey  spent  part  of  two  days  at  the  mouth  of  the  Wisconsin, 
but  failed  to  acoompUsh  an3rt'hing  desirable  in  the  way  of  scraping  or 
dredgiDgy  by  reason  of  tiie  extreme  low  stage  of  water  prevailing  in  Uiat 
river,  there  being  but  two  feet  on  the  bars  at  the  month,  and  for  two 
miles  np  stream,  which  did  not  admit  of  a  vessel  of  her  draught  entering. 
It  was  also  found  impossible  to  get  her  through  the  first  draw-bridge, 
six  miles  up,  for  want  of  water  space  between  the  piers.  For  the  same 
reason,  the  Winneconne,  a  much  smaller  boat  than  the  Gaffirey,  fidled  to 
reach  the  mouth  of  the  river  at  the  appointed  time. 

The  following  report  gives  these  particulars  in  detail : 

UmTED  States  Stkamer  C.  J.  Caffrst, 

Jhrairie  du  Chien,  (Mebet  11, 1869. 

Gbneral  :  I  wrote  yoa  yesterday,  annoonciu^  our  arriral  at  this  place.  The  same 
afternoon  we  ran  down  to  the  month  of  the  Wisconsin  River,  and  grovnded  twice  in 
two  feet  water,  in  trying  to  force  an  entrance ;  (the  Cafl^y  rnbs  hard  on  two  and  a 
half  feet  water.)  We  then,  with  a  yawl  and  the  assistance  of  a  "  rafi  pilot "  who  said 
he  had  heen  navigating  the  river  the  last  seventeen  years,  examined  evmry  practicable 
ohannel  at  the  month,  and  two  miles  mp,  withont  finding  any  with  over  two  feet  water. 

This  morning  earlv  we  resumed  onr  examination  wiw  the  yawl  and  skiff,  (CaptaiB 
Rnssell  in  charge  of  the  former,  myself  with  the  latter,)  exteoding  them  np  to  the 
first  bridge,  about  six  miles,  and  some  three  miles  below  the  mouth  of  the  Wiscon- 
ein  to  an  old  slough  wendmg  along  the  blofiii,  said  to  have  been  the  main  channel  of 
the  river  thirty  or  forty  years  aso,  with  no  more  satisfactory  results  than  obtained  jeier 
terday .  In  the  first  six  miles  of  the  river  we  found  a  succession  of  large  flat  bars,  with 
intervening  pools  or  pookets  of  deeper  water.  The  fbimer  ore  250  to  350  feet  Icng, 
with  but  two  and  two  and  a  half  leet  across  them  \  the  channels  through  them  blina, 
narrow,  and,  in  some  instances,  run  so  close  to  the  shore  as  to  endanger  a  passing  boat 
bv  the  projecting  stumps  and  umbs.  There  are  also  several  dangerous  snags  in  the 
distance  mentioned. 

The  opening  at  the  draw-hridge  at  water  snrface  -^as  aboat  twenty  feet  at  the 
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present  sbife  of  the  tItw,  too  nanow  Ibr  the  Cafl^y ;  and  it  aeems  very  donbtAil 
whether  she  oould  effect  *  passage  at  a  etagpe  of  water  four  or  ftye  feet  higher,  as  even 
tken  it  does  not  appear  that  the  water  space  at  the  dr%w  would  be  over  45  or  48  feet. 

The  bars  obstnionng  the  mouth  of  the  Wiseonslii,  as  we  found  them,  are  not  merely 
abrupt  reeA,  svch  as  met  with  in  the  Upper  Missisiippi  dorittf  lew  watM*,  but  exten- 
sive Sats,  across  which  it  wouM  require  a  mush  longer  thne  tnau  allowed  in  your  in- 
structions to  excavate  a  channel  through  which  the  Catf&ey  could  pass. 

Captain  Russell  and  the  pilots  were  of  the  opinion  that  uie  peculiar  flat  shape  of  the 
bars  m  the  month  of  the  Winooein  was  owing  to  the  Mississippi  being  higher  than  this 
river,  with  but  very  little  current  in  the  latter,  an^  iAiat  we  would  find  an  entirely  dif- 
ferent shape  to  the  bars  with  a  strong  enrrent  flowUig  ent  of  the  Wisconsin,  whi^ 
seems  reasonable. 

The  croflB-cnmnts  and  back-water  from  the  Minisi^ipi  would  obliterate  the  chan- 
nels made  by  the  scraper  as  Umt  as  opened.  This,  with  other  reasens  stated  above,  and 
the  difficulty  of  getting  the  Caffirey  through  the  first  brides,  eanssd  ns  to  abandon  thn 
experiment  at  the  month  of  the  Wisconsin  as  likely  to  tSLe  seme  time,  and  involve 
more  risks  than  I  ft^t  at  libertv  to  encounter. 

I  have  no  deubt  of  being  able  to  push  the  experiment  to  a  snooeesfnl  result  with  a 
boat  and  scraper  suited  to  the  navigation  of  the  Wisconsin.  She  should  not  draw  trrett 
fouiieen  or  sixteen  inehes,  and  the  channel,  when  opMied  by  the  scrapers,  may  be  kept 
in  place  by  the  aid  of  wing-dams  and  stopping  side-skragfas. 

An  examination  of  the  slough  along  the  blun,  which  enters  the  Mississippi  some  three 
miles  below  the  present  mouth  of  the  Wiseonsin,  leads  me  to  suppose  that  a  per- 
manent channel  oan  mere  easily  be  opened  and  kept  in  good  eonditton  in  that  diieo> 
tion,  because  it  will  flow  into  the  Mississippi  with  a  current  anproaching  parallelism* 
The  head  of  this  ekmgh  is  now  ehoked  up  witii  drift  and  sand,  but  I  am  credibly  in- 
formed that  beats  formerly  entered  the  Wiseonsin  by  tins  route. 

The  Oaifrey  started  np  the  MIssissippt  again  this  aAemoon,  11th  instant,  and  re- 
sumed har  regular  werik,  snagging  and  cutting  impending  trees  ikom  tiie  banks  of  the 
river. 

Bespectfully  submitted. 

HENRY  C.  LONG, 
United  States  Civil  Engineer, 

Brevet  M%|or  General  6.  E.  Warrex,  U.  S.  k^ 

MJeeot  e/  Mnainnow^.  SL  FaML  Jllaasnila. 

Ab  tbe  Caffiey  was  first  at  work  she  did  the  i^reater  part  of  tiie  sorap- 
ing.  The  keairiest  SDa^^ging  was  done  b^  the  Montana.  It  is  not  neoea- 
sary  to  enlarge  upon  these  particulars  m  this  oonnection,  as  they  are 
soflciently  ahowa  in  the  tables* 

It  is  JMt  worth  while  to  encumber  tiiis  report  with  the  numerous  let- 
teifl  received  in  testimony  of  the  efficieBt  service  done  to  the  aavigatioa 
<rf  the  Upper  Mississippi  by  the  Montana  and  Oaffi^y. 

Tbe  foltowing  from  Captain  T.  J.  Buford,  supeiiAtendent  of  tbe  North- 
em  Line  St.  Paul  and  St  Louis  Packet  Oompany,  isgivenas  a  specimea 
of  many  now  in  possession  of  the  uadersigiied: 

St.  Paul,  Xovember  18, 1868. 

Dbak  Sm:  It  givee  me  ^rent  Measure  to  say  to  you  that  the  steamers  Caffrey  and 
Mcmtana,  with  the  maehines  linown  as  '^  Long's  senipem''  attached^  have  rendered 
great  and  vahiable  aerFiee  in  k<»eiMng  the  rirer  open  to  mederale  and  large-eiaed 
ateamboato  duriug  the  lew  staf^es  ox  water  for  the  past  two  years.  I  am  obtain  and 
free  to  any  that  had  not  the  said  boats  been  at  work  ne  moderate  or  large-sized  steam- 
boats eoald  have  navigated  the  riyer  between  La  Crosse  and  St.  PauHa  distance  of 
one  hundred  and  eighty  miles)  for  at  least  three  months  of  the  summer  seasons  of  I8S7 
andl888. 

Yoiir^  Yuw  tmly^ 

T.  J.  BUFOED, 

Early  in  September  certain  bars  between  Keokuk  and  Baint  tiouis 
became  rety  troublesome,  principally  Oap  an  Oris  and  Iowa  Island,  so 
much  so  that  Oaptaln  W.  L.  Davidson,  president  of  Northwestern  Union 
Line  Packet  Company,  and  Captain  Ward,  president  Northern  line 
Packet  Company,  applied  .to  General  Wairen  tat  the  services  of  a  scraper 
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boat  between  Saint  Lckhb  and  EecAxik.  As  the  district  under  General 
Warren's  supervisiim  did  not  extend  below  the  Bapids  Des  Moines  and 
Bock  Island,  he  coaM  not  dispatch  one  of  the  boats  as  required,  but 
loaned  the  gentlemen  above  mentioned  one  of  the  large  scrapers  which 
was  not  then  in  nse,  and  the  services  of  Mr.  D.  S.  Stombs,  head  machi- 
nist, under  whose  supervision  the  apparatus  was  mounted,  and  set  to 
work  on  the  stem-wheel  steamboat  Little  Giant,  and  operated  at  the 
joint  expense  of  the  companies  represented. 

The  enterprise  was  successful,  as  will  apx)ear  from  a  perusal  of  ^he  fol- 
lowing letters,  viz : 

(kptam  J,  8.  MoCwm^  preMud  KMtoik  and  Sakit  L<mi$  Faeket  Ccmpan^,  to  H.  C.  Long. 

[Xxtnct] 

8t.  Louis,  September  2^,  1968. 

DsAR  Sir:  The  bearer,  Mr.  B.  S.  Stombs,  has  assisted  us  in  getting  the  scrai^ng 
machine  placed  upon  a  boat,  also  has  shown  ns  how  to  operate,  and  has  dona  every- 
thing to  our  satisfaction. 

The  machine  so  far  has  worked  well,  and  we  think  it  will  warrant  ns  in  procuring 
one  through  the  ^vemment  or  yourself,  next  season,  and,  with  our  present  appearancey 
we  think  we  can  improve  the  channel  in  low  water  £h>m  ten  (10)  to  twelve  (12)  inches, 
if  so,  we  have  accomplished  a  good  deal,  &>c, 

J.  8.  McGUNE. 
K%)or  H.  C.  Loira> 
St  Paa<,  MmMtekk 

(k^tain  Wm.  B&wardf  (etdaimer  IMOe  Giant,)  to  D.  S.  Staml». 

[BxtTAet.} 

Camtok,  Lovib  ComfTT,  Ma, 

Oeto^ef  30, 1868. 

Dear  Sir  :  I  hare  neglected  writing  to  you,  on  account  of  waiting  to  find  out  their 
opinion  in  regard  to  the  working  of  the  machine  scraper.  It  gives  entire  satis&ction. 
We  worked  two  days  with  it,  and  opened  out  three  other  places,  after  you  left  me.  I 
believe  it  was  satisfactory  to  the  company,  and  we  made  a  new  channel  of  (5)  fiYe  Hdci 
at  Cap  au  Gris,  and  Iowa  Island.    I  think  it  wiU  remain  aU  the  fUl,  dtc. 

Captain  WILLIAM  HOWARD, 

CanUm,  Mo. 
D.  B.  Stombs,  Samt  Paul. 

In  accordance  with  your  instructions  of  KoTemher  20, 1868, 1  left 
Saint  Paul  for  Saint  Louis,  for  the  performance  of  the  duties  indicated 
in  the  following  correspondence,  instructions,  &c. : 

Officb  Wjestbrn  Biyxb  Improybmxnts,  No.  4  Public  Lakiuno, 

anehmati,  Ohio,  Noeemher  10, 1868. 

General  :  I  haye  the  honor  to  report  that  a  Long's  scraper  has  been  eonstmfited 
here,  and  is  abont  to  be  sent  to  Mmind  City,  to  be  used  on  board  of  a  boat  which  haa 
Jnst  been  chartered,  for  the  purpose  of  dredcniff  the  bars  on  the  Miaslesippi  Birer.  As 
this  operation  is  new  to  me,  I  wonld  respecmilly  request  that  Mr.  H.  C.  Long,  who  has 
had  the  management  of  similar  works  for  General  Wairen,  may  be  ordered  to  report  to 
me  fbr  the  purpose  of  a  mutual  comparison,  and  interchange  of  opinions  and  sugges- 
tions, upon  the  seTsral  sabjeots  of  dredging  with  the  ^  Long  sevaper,''  and  of  deslm^lng 
■nags  with  the  improved  sna^boats. 

This  request  is  mads,  at  this  time,  under  the  supposition  that  General  Wansn's  field 
operations  are  probably  elosiog  for  the  season,  and  that  he  wonld  willin^Kly  aooord  to 
my  request,  and  sgrss  with  me  that  it  woold  be  to  our  mutual  benefit,  and  to  the 
advantage  of  the  publio  inteiestSy  and  it  is  only  with  this  feeling  that  I  hare  Tsntoied 
to  make  it. 

I  remain,  general,  very  respeotftiUy,  Ao., 

J.  N.  MACOMBy 
Qmmvi  SuffBHmimdmiit  U.  S»  SnagAnate^  Weetem  Moer  IsiprsoMMatt. 

Bvt.  M%i.  Gen«  A.  A.  Humphrbts,  ChMfof  Engineers,  CT.  S,  A,, 

Eeadqnartere  Corpe  qf  JSngineere,  Waekkitlot^f  Di  0* 
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Waakutglmf  D.  C,  November  14, 1868. 

GirarKRAi.:  The  inclosed  copy  of  a  commiinicatioii  of  the  11th  instant,  from  Colooel 
J.  K.  Macomb,  Corps  of  Enffineers,  is  transmitted  for  yonr  information.  It  is  desirable 
that  his  wishes  be  complied  with,  if  the  services  of  Mx.  H.  C.  Long  can  be  temporarily 
dispensed  with  without  embarrassment  to  you.  s 

Very  reiq^eotfally,  yonr  obedient  servant, 

JOHN  G.  PARKE, 
Major  of  Enaineeny  Brevet  Me^  General  United  Statee  Arm^, 
By  command  of  Brigadier  General  Humphrey. 

Brevet  Miyor  General  G.  K.  Warren,  Major  of  Engineera,  8t  P^tul,  Jfimi. 

United  States  Engineer  Office, 
Saint  Paul,  Minn,,  Noffember  20, 1868. 

Sir  :  As  soon  as  yon  can  leave  the  superintendence  of  the  work  you  have  charge  of, 
nnder  me,  yon  will  proceed  to  Colonel  J.  N.  Macomb,  United  States  Engineers,  for  such 
temporary  assistance  as  you  can  give  him,  as  desired  by  the  Chief  of  Engineers,  (eee 
letter  annexed.) 

Very  respectfully,  your  obedient  servant, 

G.  K.  WARREN, 
Major  of  Engineers,  fc,  4^ 
M%ior  H.  C.  Long,  United  States  Civil  Engineer, 

Office  Western  River  Improvements,  Ko.  4  Public  Landing, 

andnnatiy  Ohio,  November  21, 1868. 

Sir:  Having  reported  to  ine,  in  accordance  with  the  letters  and  orders,  copies  of 
which  are  aunezed,  you  will  repair  to  Saint  Louis,  Missouri,  for  the  purpose  of  uniting 
with  Brevet  M^or  outer  in  an  inspection  and  trial  of  ^*  Long's  scraper,"  as  fitted  to 
the  dred^inf^  steamer  Octavia.  Arter  which,  you  will  proceed  from  Saint  Louis  to 
Cairo,  Illinois,  for  the  purpose  of  inspecting  such  of  the  United  States  snag-boats  as 
may  be  in  that  port,  and  of  accompanying  Migor  Suter  down  the  Mississippi  River,  to 
witoess  the  wonduf  of  one  or  more  of  those  boats.  On  your  return  to  Cairo,  Illinois, 
you  will  proceed  thence  to  Cincinnati,  Ohio,  and  report  to  me  in  person,  for  the  pur- 
pose of  inspecting,  with  me,  such  mechanical  work  as  we  have  in  progress  here,  for  the 
Western  Kiver  Snpro vements ;  after  which,  you  will  return  to  Saint  Louis,  Missouri, 
and  on  completing  at  that  point  the  duties  upon  which  you  have  been  called  to  oask- 
sult  with  me,  you  will  repair  thence  to  Saint  raul,  Minnesota,  and  report  in  person  to 
General  Warren. 

You  will  please  make  a  report,  in  writing,  to  General  Warren,  as  soon  as  possible 
after  nyoining  him,  and  give  your  impressions,  fully,  of  the  boats  and  machinery  which 
we  are  constructing  and  nsing^  and  make  any  suggestions  which  you  may  think  will 
lead  to  further  improvements,  m  order  that  your  views  may  come  before  the  Chief  of 
Engineers,  United  States  Army. 

I  remain,  very  respectfully,  your  most  obedient  servant, 

J.  N.  MACOMB, 
CoUmel  Engineers,  Brevet  Cotonel  United  States  Armg^ 
OsnH  SupH  U,  S.  Snag-boats  and  Western  Biver  Improvements. 
Mi^or  H.  C.  Long, 

United  States  CivU  Engineer,  Saint  Paul,  Minn. 

The  following  is  my  report  oa  the  performanoe  of  duties  assigned  me 
in  the  foregoing  correspondence,  viz : 

Unixxd  States  Enoinxbr  Offick, 

SL  Paul,  Minn.,  January  1, 1869. 

Gknbrai.  :  In  aooordanoe  with  the  suggestion  of  Colonel  John  N.  Macomb,  eorxM  of 
engineers,  ''  General  Superintendent  United  States  Snaf-boats  and  Western  River  Im- 
provemeubs,"  dated  at  Cincinnati,  November  10, 1868,  that  I  should  be  ordered  to  re- 
port to  him  for  the  purpose  of  a  mutual  comparison  and  interchange  of  opinions  and 
soggestions  upon  the  several  subjects  of  dredging  with  Long's  seraper,  and  of  destroy- 
ing snaffs  with  our  improved  snag-boats,  and  approval  of  the  same,  (November  14, 1868,) 
by  the  Chief  of  Engineeis,  and  yourself,  (November  20, 1868,)  J  left  St.  Paul  for  the  pux^ 
pose  specified,  on  the  23d  November,  ultimo. 

On  the27th  of. November  I  received  a  telegram  at  Alton,  Illinois,  from  Brevet  Mi\|or 
Charles  S.  Suter,  coirpa  of  engineers,  principal  aasiBtant  to  Colonel  Macomb,  as  follows : 

''St.  Louis,  Novemiber  27. 
'<ToMidorH.C.LoKO: 

**  Wm  be  at  Alton  this  p.  m.  on  steamer  Octavia." 
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M%jor  Sater  airiyed  at  Alton  this  p.  m.,  on  steamer  Oetavia,  at  the  time  appointed. 

The  next  day  was  devoted  to  an  examination  of  the  "Long's  scraper"  attached  to 
her  bows,  and  a  trial  of  the  same  on  the  bar  about  thiiee-qoarters  of  a  mile  above  the 
ci^landlnff. 

This  bar  nad  been  recently  surveyed  by  Captain  J.  P.  Cotton,  civil  engineer,  and 
party,  and  its  position  and  the  depth  of  water  on  it  accurately  defined.  It  crossed  the 
river  obliquely  from  the  Illinois  shore,  tendinff  un  stream,  till  it  was  met  and  over- 
lapped bv  a  smaller  bar  that  made  out  from  the  Missouri  side,  thus  forming  quite  a 
serious  obstruction  to  the  passage  of  heavily  loaded  steamers. 

The  whole  was  composea  of  light  shifting  sand  and  gravel,  mixed  with  loam,  abraded 
from  the  a4]acent  bottom  lands  on  the  Missouri  shore.  The  best  water  across  the 
shoalest  place  in  the  main  channel  wbA  found  to  have  a  depth  of  but  four  and  a  half 
feet  water,  from  soundings  made  at  the  time  under  the  dii«ction  of  Captain  Cotton, 
who  accompanied  us  dunng  the  experiment. 

At  this  point  the  trial  wsis  made  with  the  Octavia's  scraper.  Six  successive  drags  or 
scrapes  were  made  across  the  obstruction,  occupying  about  two  hours  from  the  time  we 
left  the  Alton  landing  till  we  returned.  In  that  time  the  depth  of  water  on  the  bar 
was  increased  to  six  and  a  half  feet.  I  have  since  been  informed  by  pilots  and  other 
river  men  that  we  so  cut  up  and  loosened  the  bottom  of  the  river,  that  in  the  course  of 
three  or  four  days  afterward  the  current  washed  out  a  channel  ten  feet  in  depth  in  the 
direction  and  along  the  trace  scooped  out  by  the  scraper. 

We  find  that  the  greater  width  of  the  river  gives  better  facilities  for  maneuvering 
the  scraper  than  met  wit6  above  the  rapids,  and  tends  to  the  conviction  that  the  me^ 
chine  will  work  equally  well  in  the  Lower  as  in  the  Upper  MisslBsippl,  the  frame  work 
which  carries  the  cutters  or  baskets,  the  slides  and  dragK^hains,  being  proportionately 
lengthened  to  accommodate  a  greater  depth  of  water. 

"Ae  Octavia,  at  the  time  of  her  visit  to  Alton,  was  under  charter  by  government  for 
a  limited  period.  It  had  not  been  concluded  to  purchase  her.  On  this  account,  the 
scraper  was  not  mounted  with  a  view  to  permanency,  and  the  raising  and  lowering  the 
macnine  from  and  on  to  the  bars  was  accompanied  by  considerable  delay  and  difficulty. 
The  scraper  had  but  four  (4)  cutters  instead  of  five,  (5,)  as  used  in  the  Upper  Mississippi 
in  those  of  largest  size.  Accordingly,  it  was  suajgested  to  M^]or  Suter  that  certain  im- 
provements be  made  in  the  apparatus  for  handling;  the  machine,  and  that  the  largest 
size  scraper  be  attached  to  her  bows,  after  which  it  is  confidently  expected  that,  with 
proper  management,  the  Octavia  will  do  most  efficient  service  in  dredging  the  bars  be- 
tween Keokuk  and  Cairo.  She  is  a  powerfhl,  well-built  boat,  light  curaught^  com- 
modious, and  in  all  respects  suited  for  tnis  character  of  work. 

On  the  5th  of  December  I  Joined  Major  Suter  at  Cairo.  The  next  day  we  went  to 
Mound  City  and  inspected  the  large  double-hulled  snag-boat  B.  £.  De  Russy.  On  the 
7th  we  started  for  Cfairo  with  the  Octavia  for  the  Lower  Mississippi  for  the  purpose  of 
observing  the  operations  of  the  other  snag-boats  J.  J.  Abert  and  S.  H.  Lon^.  We  met 
the  former  at  Fletcher's  Landing  the  evening  of  the  8th,  and  remained  with  her  that 
night  and  till  about  eight  o'clock  the  next  morning,  during  which  time  we  went  on 
board,  examined  thoroughly  the  details  bf  her  machinery  and  witnessed  her  operations 
in  extnAting  a  dangerous  snag  from  the  main  channel  of  the  river.  This  snag  was  a 
Cottonwood  tree  ninety  feet  long,  three  feet  two  inches  in  diameter  at  butt,  tapering 
to  a  few  inches  at  the  top.  The  Abert  was  about  fifteen  minutes  in  raising  it  from 
the  water  and  placing  it  on  the  rollers  between  the  two  hulls  preparatory  to  its  being' 
cut  up  and  otherwise  disposed  of.  This  wa»  not  considered  bv  any  means  a  fair  test  of 
the  capacity  of  the  boat,  as  the  snag  was  not  firmly  imbedded  in  the  mud  at  its  roots, 
and  was  under  the  average  size  and  weight  of  many  snags  in  this  vicinity.  But  it 
served  to  show  the  method  of  maneuvering  the  boat,  handling  the  machinery,  the 
discipline  of  the  officers  and  crew,  and  in  these  particulars  was  very  satisfactory.  On 
the  same  day  (December  9)  we  arrived  at  Memphis  and  lay  there  till  10.30  next  day, 
taking  on  coal,  stores.  &c.    From  this  place  I  reported  to  you. 

On  the  morning  oi  the  11th  DecemW  we  overtook  the  Bnag4M>at  8.  H.  Jjontt  in 
Fryer's  Bend,  ten  miles  below  Helena,  Arkansas.  After  inspecting  her  we  turned  up 
river  again,  passing  Memphis  on  the  12th,  meeting  and  visiting  the  De  Russy  on  the 
way  down,  a  few  miles  above  that  city.  We  also  made  a  second  visit  to  the  J.  J.  Abert 
on  13th  of  December,  near  island  No.  37.  At  that  time  she  had  a  snag  on  her  rollers, 
Cottonwood,  measuring,  exolosive  of  roots,  very  heavy  and  wide-spreading,  one  hun- 
dred and  thirty  feet  in  length,  sixteen  feet  in  ciroumferanee  at  the  lar^  end,  and  eight  ^ 
feet  in  circumference  at  the  small  end.  The  captain  of  the  Abert  inarmed  me  that  it 
took  them  three  and  a  half  hours  to  get  this  sna^  on  to  the  boat,  and  that  it  would  take 
them  about  as  much  longer  to  cut  it  up  and  put  it  out  of  the  way,  or  about  seven  houra^  | 
work  in  all  to  dispose  of  a  snag  of  these  dimensioiis. 

In  the  meanwhile  it  had  turned  very  cold,  the  meronry  having  been  as  low  as  15^  at 
Helena,  Arkansas,  the  morning  we  were  tnere.  '  We  encountered  heavy  floating  ice 
about  two  hundred  miles  below  Cairo,  and  with  great  difficulty  reached  that  city  on  the 
evening  of  December  15. 
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The  next  day  I  accompanied  Ma|or  8ater  on  the  can  to  Cincinnati^  the  OetaTla 
having  been  sent  to  Moand  City  to  have  the  alterations  made  in  the  mounting  of  her 
ecraper,  and  to  undergo  other  slight  alterations,  the  boat  haviog  been  purchased  by  the 
government. 

On  the  17th  December  we  reported  to  Colonel  Macomb,  corps  of  engineers,  at  Cin- 
cinnati, and  accompanied  him  and  Captain  Shields,  head  machinist,  in  an  inspection  of 
a  light-draught  macMne  boat,  and  a  small  stem-wheel  boat  for  propulsion  of  same, 
bniiding  and  on  the  ways  in  the  upper  i>ortion  of  that  city.  We  also  visited  the  foundry 
and  examined  castings  and  machinery  in  preparation  for  same. 

Having  thus  completed  the  duties  assigned  us  per  instructions,  &c.,  given  in  the  early 
part  of  this  paper,  I  returned  to  St.  Louis,  &c.,  and  reported  to  you. 

I  take  this  occaaion  to  express  the  great  gratification  afforded  by  the  inspection  and 
operation  of  the  large«  twin  snag-boats  J.  J.  Abort.  S  H.  Long,  and  R.  £.  De  Bussy. 
These  boats  appear  to  be  most  suostantially  built  oi  the  best  materials,  and  complete 
in  all  their  appointments,  well  officered  and  well  dijsciplined.  They  are,  in  many 
respects,  great  improvements  over  the  old  snag-boats,  sucn  as  built  by  Captain  H.  ttL 
Shreve,  Captain  J.  W.  Russell,  and  others,  in  that  the  old  boats  had  but  oae  set  of 
engines,  which  not  only  propelled  the  boats,  but  worked  the  snagging  gearing  by  dia- 
connecting  them  with  the  water-wheels,  whereas,  in  the  boats  built  under  the  direction 
of  Colonel  Macomb,  the  propelling  power  is  distinct  from  that  which  works  the  snagging 
apparatus,  and  various  other  time  and  labor-saving  contrivancos  are  introduced,  such 
as  steam-gearing  for  sawing  up  the  snags  before  dropping  them  in  deep  water  and 
out  of  the  way  places,  steam-capstans,  steam-pumps,  steam-hoist  for  drag-chaiii&  &c 
While,  as  Just  stated,  the  old  snag-boats  had  but  one  pair  of  engines  to  p^orm  ail  the 
work  required  of  them,  and  drive  them  from  point  to  jpoint,  long  distances,  on  the  Ohio, 
Mississippi,  Missouri,  and  Arkansas  Rivers,  involving  journeys  many  thousand  miles  in 
the  aggregate,  the  new  boats  have  six  pairs  of  engines. 

This  fact  mmt  be  tak^i  into  consideration  in  estimating  the  comparative  efficiency 
and  amount  of  work  performed  by  the  two  classes  of  boats,  the  old  and  the  new. 

I  also,  further  on,  refer  to  the  difference  of  work,  and  the  construction  of  the  large 
double  snajg-boate,  and  those  used  for  such  purposes  in  the  Upper  Mississippi,  and  why 
it  is  not  fair  to  compare  work  done  by  the  former  to  the  latter. 

In  point  of  accommodation  for  the  officers  and  crew,  the  sna^-boats  of  Colonel  Macomb 
are  so  superior  to  the  old  that  no  just  comparison  can  be  instituted  between  the  two. 

In  conclusion,  I  beg  leave  to  say,  that  from  opportunities  afforded  of  conversation 
with  river  men,  I  am  of  the  opinion  that  there  is  but  one  expression  in  regard  to  the 
operations  of  the  snag-boats  under  Colonel  Macomb  and  Migor  Suter's  supervision,  and 
that  is  of  commendation.  They  hAve  already  accomplished  a  good  deal,  but  much  more 
remains  to  be  done. 

Very  respectfully,  your  obedient  servant, 

HENRY  C.  LONG, 
United  States  CivU  En(fimer. 

Brevet  Minor  General  G.  E.  Wabrek,  IJ.  S.  A., 

Major  Corj99  af  £ng%neer»,  Saint  Paul,  MUmeeota, 

• 

In  acoordance  with  iustraotioDS  from  General  Warren,  dated  at  Saint 
Paul,  October  8,  1868,  (see  preceding  pages.)  the  Montana  and  O.  J. 
'  Oaffrey  were  laid  np  for  the  seasoii  at  Saint  !Paul,  October  31, 1868,  offi- 
cers and  crew  paid  off  and  discharged,  except  one  watchman  for  each 
boat,  charged  with  their  care  and  protection  against  thieves  and  fire, 
and  the  custody  of  the  government  property  on  board. 

At  this  time  there  was  a  considerable  rise  in  the  river,  giving  five  and 
six  feet  on  all  bars  between  St.  Paul  and  La  Crosse,  so  that  no  farther 
scraping  or  dredging  was  required,  and  sufficient  had  been  done  in  re- 
moving dangerous  snags  from  the  main  channel  and  bends  of  the  river 
to  cause  no  apprehension  on  that  score  till  the  close  of  navigation  by 
ice,  which  then  threateued  to  occur  early  in  November. 

The  aggregate  cost  of  alterations,  repairs,  and  operating  the  Montana 
and  Os^ey  on  the  Upper  Mississippi,  during  the  summer  and  faJl  of 
1868,  was  about  $35,000,  of  which  amount  $12,000  may  be  charged  to 
docking  expenses,  alterations,  and  repairs. 

The  expenses  per  day  of  each  boat  while  snagging  or  scraping  were 
about  $100.  The  ordinarv  expenses  of  the  first-class  packet  boats  on 
the  Upper  Mississippi  are  from  $350  to  $650  per  day. 
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Estimated  cost  of  rv/iming  Montana  and  Caffrey  during  low-water  season 
of  1868,  covering  all  expenses  of  docJcagej  repairs^  alterations^  new 
machinery^  &c. 

Total  expenditure  four  months,  two  boats,  $35,000,  distributed  as  fol- 
lows r 

Dockage,  repairs,  &c.,  estimated $12, 500 

Pay-roU  of  officers  and  crew,  8  months  1  boat,  or  4  months  2 

boats 10, 000 

Fuel  for  raising  steam,  8  months  1  boat,  or  4  months  2  boats 

(actual  cost  nearly) 4, 500 

Subsistence  and  all  other  contingent  expenses,  including  tools, 

tackle,  blocks,  &c.,  &c 8, 000 

Total  as  above 35, 000 

RECAPITULATION. 

Eepairs,  &c $12, 500 

Eunning  expenses,  or  225  days,  at  $100 22, 500 

35,000 


In  estimating  the  value  and  extent  of  work  performed  by  the  Caffrey 
and  Montana,  and  comparing  the  cost  and  efficiency  of  these  boats  with 
the  large  double-huUed  snag-boats  on  the  Lower  Mississippi,  it  must  be 
taken  into  account :  First.  That  the  Caffrey  and  Montana  had  three-fold 
duty  to  perform,  L  e.,  scraping,  cutting  trees,  and  snagging.  Second. 
That  in  snagging  they  could  not  dispose  of  these  obstructions  by  merely 
cutting  them  up  and  dropping  them  from  the  stern  of  the  boat  in  any 
deep  hole  within  convenient  distance,  as  is  the  case  on  the  Lower  Mis- 
sissippi. The  shallowness  of  the  Upper  Mississippi,  and  the  danger  of 
the  snags,  if  so  treated,  appearing  again  as  more  dangerous  obstacles 
than  before,  did  not  admit  of  this  facile  mode  of  operation.  The  Mon- 
tana and  Caffrey,  in  almost  every  instance,  had  to  draw  the  snags  en- 
tirely o^t  of  water  and  upon  the  high  banks  of  the  river  fifteen  to 
twenty-five  and  thirty  feet  high.  This  was  often  the  most  laborious  and 
tedious  part  of  the  day's  work,  and  consumed  more  time  than  the  mere 
loosening  of  the  snag  from  its  bed  in  the  bottom  of  the  river  and  taking 
it  from  the  channel.  By  a  reference  to  the  tables,  it  will  be  seen  that 
the  snags  in  many  cases  were  afterwards  cut  into  cord-wood,  carried  on 
board  of  the  boat  and  burned  in  the  furnaces.  Third.  The  Montana  and 
Caffrey  were  not  snag  or  dredge-boats  built  especially  for  the  service, 
and  had  few  of  the  many  appliances  and  little  of  the  machinery 
designed  for  such  work.  They  were  ordinary  passenger  and  freight 
boats,  and  have  already  accomplished  more  than  was  at  first  anticipated. 

With  a  few  repairs,  alterations,  and  the  addition  of  more  machinery, 
aU  at  a  comparatively  moderate  expense,  these  boats  will,  with  proper 
care  and  management,  do  effective  service  for  two  or  three  seasons  to 
come.  On  all  which  subjects  I  propose  to  report  to  you  in  detail  when 
the  occasion  requires. 

EespectfuUy  submitted. 

HENEY  0.  LOIfG, 
United  Stales  Civil  Engineer. 
14 
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H2. 

United  States  Enoineeb  Office, 
St  PauU  Minfieaotaj  January  9, 1869. 

General  :  There  is  much  solicitude  being  felt  about  the  permanency 
of  the  falls  of  St.  Anthony,  and  as  you  may  be  called  upon  for  informa- 
tion concerning  this  locality,  I  make  you  this  special  communication  on 
the  subject. 

Accompanying  this  is  a  profile  made  from  surveys  by  Mr.  Frank 
Cook,  civil  engineer,  engineer  for  the  water  power  company. 

The  following  description,  with  some  corrections,  is  nearly  that  fur- 
nished by  me  to  Governor  William  S.  Marshall,  of  Minnesota,  last 
January. 

The  rock  forming  the  bed  of  the  river,  at  and  just  above  the  falls,  is 
a  stratum  of  hard  magnesian  limestone,  having  a  well-marked  jointed 
structure,  so  as  to  readily  separate  into  large  blocks  from  fifteen  to 
thirty  feet  square.  Immediately  in  contact  with  and  beneath  this  lime- 
stone is  a  layer  of  *clay  or  soft  shale  about  three  feet  in  thickness.  Be- 
neath this  clay  is  a  very  soft  silicious  sand  rock,  extending  down  an 
unascertained  depth,  probably  exceeding  sixty  feet. 

The  action  of  the  water,  especially  at  times  of  highest  floods,  when 
the  volume  of  water  reaches  136,000  cubic  feet  a  second,  is  continually 
wearing  away  the  underlying  soft  rocks,  and  allowing  the  great  blocks 
of  magnesian  limestone  to  fall  into  the  hole  excavated  by  the  falling 
water.  This  limestone  debris  serves  then  to  protect  somewhat  the 
softer  rock  from  the  action  of  the  water,  but  the  plunging  of  ice,  and 
especially  of  large  logs,  upon  this  debris,  pounds  it  up  and  it  washes 
down  the  stream  and  another  mass  falls  off  from  the  top. 

This  state  of  things  has  been  going  on  for  ages  past,  and  it  is  obvious 
to  any  observer  that  the  falls  have  receded  in  this  manner  from  Fort 
Snelling,  a  distance  of  about  seven  miles,  the  river  having  formed  what 
the  Canadians  call  dalles,  and  the  Mexicans  a  canon. 

If  the  same  formations  I  have  described  extended  indefinitely  above 
the  present  crest  of  the  falls,  the  effect  of  this  recession  would  only 
have  a  local  importance  as  affecting  the  stability  of  the  mills  and  dams. 
But  an  examination  of  the  accompanying  profile  shows  the  ffict,  that 
the  stratum  of  hard  magnesian  limestone  rises  entirely  above  the  sur- 
face of  the  river  water,  a  short  distance  above  the  present  dam,  which 
is  built  on  the  extreme  upper  end  of  this  limestone  rock  remaining  in 
the  bed  of  the  stream,  and  that  there  is  but  1,100  feet  of  this  rock  left 
above  the  crest  of  the  falls.  When  this  shall  have  gone,  but  a  few  days 
or  hours  wiU  be  required  to  sweep  away  the  soft  material  remaining, 
and  produce  a  long  rapid,  extending  far  above,  not  merely  destroying 
the  water  power,  but  a  long  reach  of  navigable  river. 

The  water  power  company  at  Minneapolis,  in  1860,  expended  between 
$30,000  and  $40,000  upon  an  apron  of  timber  and  stone  at  the  foot  of 
the  falls,  but  the  floods  in  July,  1867,  swept  most  of  this  away  and 
caused  the  falls  to  recede  two  hundred  feet.  Since  1860,  the  recession 
has  amounted  to  three  hundred  and  seventy-five  feet.  One  more  flood 
like  that  of  1867  might  complete  the  destruction,  since  only  about 
eleven  hundred  feet  of  the  protecting  rock  remains,  and  its  thickness 
diminishes  up  stream.  At  the  crest  it  is  now  only  eight  feet  thick, 
whereas,  in  1860,  it  was  twelve  feet  thick.  Its  thinning  out  up  stream  is 
probably  attended  with  other  conditions  of  weakness  in  its  structure, 
and  when  we  consider  the  great  volume  of  water  at  the  flood  stages, 
bearing  along  huge  floating  logs  in  large  numbers,  we  see  that  there  is 
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cause  for  the  most  serious  apprehension,  and  that  the  emergency  is 
pressing. 

The  threatened  destmction  of  these  falls  is  not  an  exceptional  physi- 
cal phenomenon  in  this  region.  Other  streams,  like  the  Chippewa  Eiver, 
in  Wisconsin,  once  had  falls  similar  to  this,  and  have  been  worn  back 
to  the  hard  granitic  rocks,  leaving  nothing  but  the  dalles  and  rapids 
where  the  fells  formerly  were. 

The  stopping  of  this  recession  at  the  falls  of  St.  Anthony  is  a  work 
of  difficulty  and  expense,  and  as  it  concerns  the  future  navigation  as 
well  as  the  existing  water  power,  it  is  a  question  for  public  considera- 
tion. 

In  my  report  of  January  29, 1867,  pp.  31, 32,  (House  Ex.  Doc.  ^o.  58, 
thirty-ninth  Congress,  second  session,)  I  recommended  making  a  survey 
of  the  Mississippi  Eiver,  above  the  falls  of  St.  Anthony,  with  the  view  to 
ascertain  the  practicability  of  constructingreservoirs  to  help  the  low-water 
navigation  below,  and  at  the  same  time  determine  the  plan  and  cost  of  im- 
proving the  navigation  above  the  falls,  and  connecting  the  river  by 
means  of  a  canal  with  Lake  Superior.  I  feel  satisfied  that  the  days  of 
canals  are  not  yet  ended,  the  only  thing  necessary  for  their  success 
being  to  have  them  connect  long  natural  channels  of  navigation,  and  be 
of  dimensions  great  enough  to  accommodate  steamboats  of  the  size 
used  on  the  waters  so  connected. 

The  means  furnished  by  Congress  has  not  been  adequate  to  make 
these  surveys,  and  I  have  employed  all  that  has  been  furnished  me  in 
completing  the  surveys  previously  begun. 

I  will  therefore  repeat  here  what  facts  I  have  in  relation  to  the  Mis- 
sissippi Eiver,  above  the  falls  of  St.  Anthony,  taken  from  my  former  re- 
port above  refeiTed  to : 

^^After  the  completion  of  the  dam  and  lock  at  Meeker's  Island,  there 
would  be  required  locks  to  elevate  boats  eighty  feet  in  order  to  pass  into 
the  level  above  the  miU-dam.  Thence  to  the  mouth  of  the  Crow  Wing 
Eiver,  a  distance  of  one  hundred  and  forty  miles,  the  river  slopes  at  an 
average  of  two  and  two-tenths  feet  per  mile,  and  could  be  overcome  by 
locks,  lifting  in  the  aggregate  two  hundred  feet,  the  remainder  being 
taken  up  in  giving  the  slope  required  to  move  the  water  along. 

*^  From  the  mouth  of  Crow  Wing  Eiver  to  the  outlet  of  Sandy  Lake, 
one  hundred  and  forty-five  miles,  the  slope  is  one  and  two-tenths  feet 
per  mile,  and,  except  in  one  or  two  places  where  rapids  exist,  can  be 
overcome  without  the  aid  of  locks.  An  ascent  of  eighty  feet  from  Sandy 
liake  brings  us  on  the  dividing  ridge,  and  then  there  is  a  descent  of 
seven  hundred  feet  to  the  level  of  Lake  Superior.  The  distance  across 
from  the  Mississippi  to  the  St.  Louis  Eiver,  below  the  rapids,  is  about 
tbirty  miles. " 

In  any  thorough  plan  for  giving  permanei;icy  to  the  falls  of  St. 
Anthony,  there  should  be  provision  made  for  locking  steamboats  up  and 
do'^'u,  and  1  would  suggest  that  such  provision  should  be  a  condition 
on  which  government  takes  part  in  such  undertaking,  and  the  means 
provided  should  therefore  be  liberal  in  amount,  but  I  have  no  estimate 
of  the  amount  required. 

Yours,  respectfully, 

G.  K.  WAEEEN, 
Major  JEn^rs  and  Bvt  Major  Oen,  U.  8.  A. 
Bvt-  Maj.  Genl  A.  A.  HtFMPHREYS, 

Brig.  OenH  and  Chief  of  Engineers^  U.  8.  A. 
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Appendix  I. 

United  States  Engineer  Office, 
Des  Moines  and  Eock  Island  Bapids  Improvement, 

AND  Illinois  Eivbr  Survey, 
Keokuk^  lowa^  August  10,  1869. 

General  :  I  have  the  honor  to  submit  the  followiog  report  in  refer- 
ence to  the  works  under  my  charge,  for  the  fiscal  year  ending  June  30, 
1809,  as  required  by  circular  dated  Office  of  the  Chief  of  Engineers, 
Washington,  D.  C,  June  12, 1869. 

IMPROVEMENT  OF  THE  DES  MOINES  RAPIDS  OF  THE  MISSISSIPPI  RIVER. 

As  the  plan  adopted  for  this  improvement  was  fuUy  and  officially  de- 
cided upon,  the  work  commenced  October  8, 1867,  in  accordance  with 
said  plan.    No  survey  or  re-survey  has  been  found  necessary. 

The  work  was  carried  on  during  the  entire  fiscal  year  with  variable 
success,  by  contract,  and  for  a  time  by  "day's  labor.'' 

For  a  detailed  statement  of  the  amount  of  work  done,  its  progress, 
condition,  &c.,  your  attention  is  respectfully  invited  to  the  accompany- 
ing report  of  my  assistant.  Captain  L.  Cooper  Overman,  corps  of  engi- 
neers, in  local  charge. 

In  accordance  with  instructions  from  the  Office  of  the  Chief  of  Engi- 
neers, dated  Washington,  D.  C,  October  24,  1868,  directing  me  to 
advertise  for  new  proposals  for  excavating  the  prison,  and  constructing 
the  embankment  wall  of  the  canal  for  this  improvement,  rendered  neces- 
sary by  the  failure  of  the  original  contractors,  Messrs.  Henegan  &  Son, 
the  necessary  advertisement,  inviting  proposals  for  the  same,  to  be 
opened  November  18, 1868,  was  sent  to  six  of  the  authorized  newspapers, 
for  six  consecutive  insertions  in  each. 

An  abstract  of  the  proposals  received  ^Appendix  B)  is  submitted, 
from  which  it  will  be  seen  that  J.  J.  Dull,  oi  Harrisburg,  Pennsylvania, 
was  the  successful  bidder,  and  with  whom  I  was  directed,  November  28, 
1868,  to  enter  into  contract,  which  was  done,  December  12, 1868,  the 
necessary  papers  having  been  duly  signed.  For  detailed  statements  of 
the  violation  and  abandonment  of  Messrs.  Henegan  &  Son's  contract,  I 
would  respectfully  refer  to  my  letters  to  the  department  on  the  subject, 
dated  October  31, 1868,  January  18,  28,  29, 1809,  to  Captain  Overman's 
special  report  on  the  subject,  dated  October  30, 1868,  and  to  monthly 
report  of  operations  for  the  month  of  October,  1868. 

In  accordance  with  instructions  dated  Office  of  the  Chief  of  Engineers, 
Washington,  D.  C,  May  15, 1869,  directing  me  to  advertise  for  new  pro- 
posals for  furnishing  stone  for  building  the  locks,  &c.,  rendered  necessary 
by  the  failure  of  Mr.  Tobie,  the  original  contractor,  the  necessary  adver- 
tisement, inviting  proposals  for  the  same,  to  be  opened  May  31, 1869, 
was  sent  to  six  of  the  authorized  newspapers,  with  orders  for  its  inser- 
tion six  times  consecutively  in  each. 

An  abstract  of  proposals  (Appendix  C)  is  herewith  submitted,  from 
which  it  will  be  perceived  that  for  certain  reasons  stated  therein  it  was 
thought  best  to  reject  all  bids,  and  to  purchase  the  stone  in  open 
market,  authority  for  the  same  having  been  duly  obtained.  This  waa 
accordingly  done,  and  on  June  10,  1869,  a  contract  was  duly  entered 
into  with  Charles  G.  Case  &  Co.,  to  furnish  the  necessary  amount  of 
stone.  For  a  detailed  statement  of  the  above,  I  would  respectfully  invite 
your  attention  to  the  accompanying  report  of  my  assistant.  Captain  L. 
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Cooi)er  Overman,  corps  of  engineers,  upon  the  subject ;  also  to  my  let- 
ter to  the  department,  dated  June  8, 1869. 

For  the  entire  and  permanent  completion  of  the  work,  the  sum  of 
$1,410,000,  in  addition  to  the  $1,185,000,  already  appropriated,  will  be 
required,  which  sum  can  be  profitably  expended  during  the  fiscal  year 
ending  June  30, 1870,  in  the  completion  of  the  section  work,  and  the 
locks  and  their  apx)urtenances,  and  for  the  improvement  of  Montrose 
channel. 

« 

The  whole  amount  should  be  appropriated  without  delay,  as  every 
day  that  is  delayed  necessarily  delays  the  construction  of  the  entire  im- 
provement, in  which  the  commerce  and  navigation  of  the  Mississippi 
are  so  much  interested. 

The  work  is  located  in  the  first  collection  district  of  Iowa. 

The  nearest  port  of  entry  is  St.  Louis,  Missouri,  at  which  place  there 
was  collected  during  the  last  fiscal  year  as  follows : 

Import  duties — coin $1,565,035  35 

Tonnage  —  currency 25,207  69 

Hospital,  "        6,090  17 

Inspectors,  &c. "        14,978  78 

Official  fees,      "        2,673  75 

Storage,  "        2,267  92 

Total 1,616,253  06 


Eighty-two  steam  vessels,  with  a  registered  capacity  of  25,159.83  tons, 
and  143  barges  and  flats,  of  18,610.07  tons,  are  officially  reported  as 
belonging  to  this  port  and  the  port  of  Oalena,  Illinois. 

The  amount  of  revenue  collected  at  the  latter  place  is  reported  by  the 
surveyor  of  customs  to  have  been,  during  the  fiscal  year — 

For  tonnage  duty $4,249  92 

For  marine  hospital  dues 1,215  39 

For  inspection  of  steam  vessels 793  69 

For  licensed  pilots  and  engineers 3,140  00 

For  sale  of  government  property 2,000  00 

Total 11,399  00 


An  abstract  of  contracts  entered  into  during  the  fiscal  year,  marked 
Appendix  D,  is  submitted  herewith. 

The  following  is  an  exhibit  of  the  cash  received,  expended,  and  re- 
maining on  hand  during  the  fiscal  year  ending  June  30, 1869 : 


Amount  on  hand  July  1, 1868 |  19.956 

Heceived  from  the  U.  S.  Treasory 270, 000 


R<^celved  from  sale  of  public  property  . . 

Amount  duo  ftt>m  the  United  States. (bor- 
rowed temporarily  from  the  appropria- 
tion for  the  improvement  of  the  Rock 
Island  Rapids,  to  pay  indebtednoss  on 
account  ox  this  work 


48 

00 

201  00 


52,113  23 


332,270  71 


Amount  expended  * 

Amount  deposited  to  the  credit  of  the 
Treasurer  of  the  United  States 


•332. 069  71 
201  00 


332,270  71 


*  Of  this  amount  124,767  82  is  the  15  per  cent,  retained  from  monthly  estimates  of  work  done  by  the 
contractors,  and  has  not  yet  been  paid  them. 
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Statement  ehcwifig  the  amount  appropriated,  expended,  and  the  balance  available  for  the  im- 
provement of  the  Dee  Moinea  Rapids  of  the  Mieaimppi  Eiver,  at  the  dose  of  the  fiscal  year 
ending  June  30, 1669. 


Jane  30, 1869.— To  amonnt  expended 
ginoe  the  commencement  of  the  im- 
provement. 

Jane  30, 1869.— To  amount  retained 
from  montblv  estimates  of  work 
done  by  the  contractors,  and  not 
available. 

Balance  available 

Of  this  amoant  there  is 
appplicable  to  the  seo- 
tionwork *f3a7,479  05 

To  construction  of  lower 
lock 177,483  43 

To  stone  for  the  gnard, 
middle,and  lower  looks  t246,916  31 

751, 878  79 


$408,353  39 
34,767  83 

751,878  79 


1, 185, 000  00 


Jane  83, 1866.— By  amoant  appro- 
priated. 

March  %  1867.— By  amonnt  appro- 
priated. 

July  S5, 1688.— By  amount  allotted 
ftfom  the  appropriation  for  the  re- 
pair, preservation,  extension,  and 
completion  of  certain  public 
works  on  rivers  and  harbors. 

April  10, 18G9.— By  amoant  allotted 
from  the  appropriation  for  the  im- 
provement of  rivers  and  harbors, 
for  the  fiscal  year  endincr  June  30, 
1869.  and  the  year  ending  June 
30,1870. 


9900,000  00 
500,000  00 
300,000  00 

185,000  00 


1, 185, 000  00 


*  124,114  09  of  this  amoant  was  forfeited  to  the  government  by  the  abandonment  of  the  contract  with 
Messrs.  WiUiam  and  John  Henegan. 

1 1579  of  this  amoant  was  forfeited  to  the  government  by  the  abandonmenf  of  the  contract  with 
Charles  £.  Tobie. 

This  improvement  is  naturally  divided  as  follows : 

Construction  of  the  canal — construction  of  the  locks — excavation 
of  Montrose  channel^  and  a  moment's  consideration  will  show  that 
neither  of  the  parts  is  of  any  advantage  to  navigation  till  all  are 
finished. 

Work  has  been  begun  on  the  lower  lock,  and  upon  the  prism  and  em- 
bankment wall  of  the  canal,  and  contracts  have  been  made  for  furnish- 
ing cement  for  tlie  lower  lock,  and  stone  for  the  guard,  middle,  and  lower 
locks. 

^o  work  has  yet  been  done  upon  the  channel  improvement,  at  Mon- 
trose, nor  upon  tiie  guard  and  middle  locks,  nor  can  any  be  done  till 
further  appropriations  are  made,  it  being  understood  that  all  funds  now 
available  are  pledged  for  other  work. 

In  consequence  of  the  extraordinary  rains,  and  the  continued  high 
water  during  the  past  season,  the  progress  made  in  carrying  the  work 
forward  has  not  been  as  satisfactory  as  it  otherwise  would  have  been. 

But,  withal,  much  work  has  been  done,  and  it  is  believed  that  with  a 
favorable  season  next  year,  and  the  necessary  appropriation  of  money 
early  enough  in  the  session  to  render  it  available  by  the  first  of  March, 
the  greater  part  of  the  work  can  be  completed  by  the  winter  of  1870. 

THE  IMPBOVEMENT  OF   THE  BOCK  ISLAm)  BAPIDS  OF  THE  MnSSISSIPPI 

BIVEB. 

The  plan  for  the  improvement  of  these  rapids  having  been  decided 
upon  during  the  year  of  1867,  no  survey  or  re-survey  has  been  necessary, 
except  for  contractors'  estimates  and  location  of  dams. 

The  work  has  been  carried  on  during  the  year  by  Messrs.  Charles  6. 
Case  &  Co.,  under  their  contract,  dated  June  28, 1867,  which,  upon  my 
recommendation,  was  extended  December  2, 1868,  so  as  to  cover  the  com- 
pletion of  all  the  excavation  included  within  the  cofier-dams  already 
constructed,  or  in  process  of  construction,  at  Moline  and  Syracuse 
Chains. 

Up  to  June  30, 1868,  6,808.66  cubic  yards  of  rock  had  been  excavated 
and  removed  from  Duck  Creek  chain  by  means  of  a  coffer  dam  and  the 
Osgood  chisels.  During  the  fiscal  year,  3,083.64:  cubic  yards,  in  addition 
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to  the  above,  lias  been  removed;  substantially  completing  the  improve- 
ment at  this  chain. 

The  coffer-dam  at  Moline  Chain  was  completed  on  the  30th  of  July, 
1868,  and  inclosed  six  acres,  averaging  260  feet  in  width,  and  950  feet 
in  length.  The  water  was  pumped  out  on  the  25th  of  August,  and  a 
careful  survey  of  the  river  bottom  made.  The  quantity  of  rock  removed 
from  this  chain  up  to  June  30,  1869,  was  16,958.41  cubic  yards, 
leaving  about  two  thousand  yards  to  be  removed  for  the  completion  of 
the  channel. 

The  channel  at  Sycamore  Chain  was  thoroughly  sounded  during  the 
summer  of  1867,  and  the  construction  of  a  cofter-dam  commenced  early 
in  the  summer  of  1868,  completed  on  [November  14,  and  the  water 
pumped  out  on  the  26th  of  December,  1868. 

The  work  of  excavating  the  rock  was  immediately  commenced  with  a 
large  force,  and  continued  without  delay  until  February  12th. 

The  quantity  of  rock  removed  from  the  area  within  the  dam  was 
15^04.05  cubic  yards. 

The  development  of  the  dam  was  about  4,600  linear  feet ;  shore  line 
2,400  linear  feet  additional,  inclosing  an  area  of  about  forty-five  acres. 

A  small  dam  was  commenced  at  Sycamore  Chain  in  March,  and  was  fin- 
ished in  April,  from  which  four  hundred  cubic  yards  of  rock  had  been 
removed  up  to  June  30, 1869. 

As  soon  as  the  rock  remaining  within  this  dam,  estimated  at  about 
fourteen  hundred  yards,  shall  have  been  removed,  the  improvement  at 
this  chain  will  be  completed. 

The  total  quantity  of  rock  excavated  and  removed  up  to  the  dose  of 
the  fiscal  year  is  as  follows : 

Cubic  yards. 

At  Duck  Creek  Chain... ^ 9,982.32 

At  Moline  Chain 16,958.41 

At  Sycamore  Chain 16,204,05 

Total 43,144.76 


For  a  complete  and  interesting  description  of  the  location,  character, 
and  manner  of  doing  the  work,  together  with  the  causes  of  delay,  its 
progress,  &c.,  I  would  respectfully  refer  you  to  the  report  of  my  assist- 
ant. Brevet  Mjyor  Charles  J.  Allen,  United  States  army,  in  local  charge, 
herewith  submitted,  marked  Appendix  E. 

The  work  is  located  In  the  second  collection  district  of  Iowa.  The 
nearest  port  of  entry  is  Chicago,  Illinois,  at  which  place  the  amount  of 
customs  was  $655,254  20. 

For  a  st^atement  of  the  commerce  and  navigation  which  would  be  bene- 
fitted by  the  completion  of  this  improvement,  I  would  invite  your  atten- 
tion to  that  part  of  my  report  up<ui  the  improvement  of  the  Des  Moines 
Bapids  upon  this  subject. 

An  abstract  of  contracts  entered  into  (Appendix  F)  is  herewith  sub- 
mitted. 

The  following  is  an  exhibit  of  the  cash  received,  expended,  and  re- 
maining on  hand  during  the  fiscal  year  ending  June  30, 1869 : 


Amonnt  on  hand  July  1. 1868 

Beceived  ttom  the   United   States 
Treasory. 


145, 675  14 
339,000  00 


384, 675  14 


Amonnt  expended 

Balanoo  on  iiand  June  30, 1869. 


*f383,868  64 
1,806  50 


384, 675  14 


*  Of  this  amonnt  963,014  09  is  the  15  per  cent  retained  ttom  monthly  estimates  of  work  done  by  the 
contractors,  and  has  not  yet  been  paid  them. 
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SUUement  Bhowing  the  amount  appropriated,  expended,  and  the  halanoe  available  for  the  improm- 
ment  of  tht  Rock  Island  Baptae  of  the  MieeisHppi  River j  at  the  close  of  the  fiscal  year  ending 
June  30, 1869. 


Jime  30, 1869. — To  flffiionnt  expended 
since  the  commencement  of  the  im- 
provement. 

June  30. 1869.— Retained  at  the  Treas- 
ury Department  to  settle  accounts 
between  this  work  and  the  internal 
revenue  department,  on  account  of 
taxes. 

June  30, 1869.— To  percentl^^  retain- 
ed from  monthly  estimates  of  work 
done  by  the  contractors,  and  not 
available. 

June  30, 1860.— Balance  available 


•390, 179  41 
1,000  00 

63,014  09 
136,806  50 


501,000  00 


June  S3, 1866.— By  amount  appro- 
priated. 
Ifuirch  2, 1867.— By  amount  appro- 

Sriateu. 
y  25, 1868.— By  amount  allotted 
firom  the  appropriation  for  the  re- 
pair,  preservation,  extension,  and 
completion  of  certain  public 
works  on  rivers  and  harbors. 
April  10. 1869.— By  amount  allotted 
from  the  appropriation  for  the 
Improvement  of^  rivers  and  har- 
bors, for  the  fiscal  year  ending 
June  30, 1869,  and  the  year  ending 
June  30, 1870. 


1100,000  00 
200,000  00 
156,000  00 

135,000  00 


501,000  OO 


It  is  proposed  during  the  ensuing  season  to  complete  the  work  yet 
remaining  to  be  done  at  Sycamore  Chain,  and  to  i-emove  the  dams  and 
debris ;  to  complete  the  removal  of  the  rock  at  the  head  of  Moline 
Chain,  by  means  of  the  chisels  and  dredges,  and  to  remove  a  small  patch 
of  rock  at  the  lower  end  of  the  chain,  making  the  channel  navigable,  but 
not  completing  it ;  also,  to  begin  and  complete  the  improvement  at  Camp- 
bell's Chain. 

It  is  also  proposed  to  thoroughly  sound  and  examine  the  entire  stretch 
of  river  (not  yet  sounded)  from  the  Bock  Island  railroad  bridge  to  Le 
Claire,  Iowa. 

The  estimated  amount  of  excavation  to  be  done  during  this  season  is 
as  follows: 

At  Campbell's  Chain,  9,000  cubic  yards,  at  $11  50 $103, 500  00 

At  Sycamore  Chain,  2,000  cubic  yards,  at  $13 26, 000  00 

At  Moline  Chain,  1,000  cubic  yards,  at  $10 10, 000  00 

139, 500  00 
To  which  add  work  done  at  Sycamore  aiid  Moline  Chains, 
not  yet  paid  for 36, 002  37 

Amount 175,  502  37 

Amount  available  June  30 136, 806  50 

Probable  deficiency 38, 695  87 


The  work  remaining  to  be  done,  but  which  cannot  be  commenced  un- 
til further  appropriations  are  made,  is  as  follows : 

Cubic  yards. 

At  Lower  or  Shoemaker's  Chain  (in  round  numbers) 2, 300 

At  Winnebago  Island 900 

At  Crab  Island 2, 000 

At  Saint  Louis  Chain 3, 000 

At  Smith's  Chain 8, 000 

At  Patches,-  below  Sycamore  Chain 2, 500 

At  Moline  Chain 2, 000 

Total 20,  700 
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Estimating  this  work  at  $12  per  cubic  yard,  the  cost 

will  be $248, 400  00 

Add  deficiency  for  work  already  done 38, 695  87 

Contingencies  and  engineering 12, 904  13 

In  all 300, 000  00 

necessary  to  complete  the  work.  This  amount  can  be  profitably  ex- 
pended during  the  summer  and  fall  of  the  next  fiscal  year,  and  should 
be  appropriated  without  delay,  so  that  operations  can  be  resumed  by 
the  first  of  March,  or  as  soon  thereafter  as  the  stage  of  water  in  the 
river  will  permit. 

From  the  success  of  the  engineering  operations  on  the  upper  rapids,  I 
entertain  no  doubt  whatever  that  the  improvement  will  fully  accommo- 
date all  the  interests  of  navigation:  and  I  am  equally  confident  that  it 
can  be  easily  completed  during  the  low-water  season  of  1870.  Much  the 
most  diflftcult  part  of  the  work  ha«  already  been  done,  and  to  delay  its 
completion  longer  than  next  year  will  cost  the  farmers,  and  shippers 
of  produce  on  the  Mississippi  Kiver,  more  than  the  amount  of  money 
required.  While  it  will  require  somewhat  longer  time  to  finish  the  more 
elaborate  and  costly  improvements  at  the  lower  rapids,  there  is  a 
greater  necessity  for  the  appropriation  of  the  money  required  to  put  ttll 
parts  of  the  work  under  contract,  and  to  push  them  rapidly  and  simul- 
taneously till  they  are  completed. 

True  economy  requires  that  provision  should  be  made  for  paying  the 
expense  of  an  entire  piece  of  work  before  it  is  begun  at  all,  and  as  the 
money  for  these  works  cannot  be  drawn  from  the  treasury  any  faster 
than  it  becomes  due  to  the  contractors,  I  can  see  no  objections  whatever 
to  its  appropriation  at  once.  Either  this  should  be  done,  or  the  legal 
prohibition  removed  which  now  prevents  government  offtcers  from  mak- 
ing contracts  for  more  work  than  the  money  already  appropriated  will 
pay  for. 

If  the  engineer  in  charge  of  an  improvement  already  sanctioned  by 
Congress  were  permitted  to  contract  for  all  the  work  necessary  to  com- 
l)lete  the  same,  providing  in  the  contract  that  any  failure  on  the  part  of 
Congress  to  appropriate  the  necessary  money  from  time  to  time  should 
be  at  the  risk  of  the  contractor,  without  recourse  of  law  for  damages, 
it  would  remove  much  of  the  difficulty  now  experienced  in  contracting 
for  work  with  partial  appropriations,  and  would  still  enable  Congress  to 
keep  the  annual  appropriations  down  to  the  lowest  limits  compatible 
with  the  requirements  of  the  public  good. 

SURVEY  OP   THE  ILLINOIS  EIVER. 

The  field  ox)erations  on  the  Illinois  Eiver  during  the  past  year  were 
confined  to  the  examination  of  sites  for  locks  and  dams,  in  connection 
with  the  improvements  proposed  in  1867.  A  field  party,  under  charge 
of  Civil  Engineer  Assistants  H.  A.  Ulffers  and  G.  A.  Keefer,  was  sent  out 
for  this  purpose  in  the  latter  part  of  September,  with  instructions  to 
make  full  surveys  of  all  points  likely  to  become  available  for  the  con- 
struction of  locks  and  dams. 

The  party  was  fitted  out  with  the  usual  surveying  instruments,  and  a 
small  boring  apparatus  of  thirty  feet  in  length,  to  examine  the  bed  of 
the  river.  The  comparatively  high  stage  of  water,  and  the  heavy  rains 
prevailing  during  October  and  November,  together  with  the  unusual 
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severity  with  which  winter  set  in  early  in  December,  prevented  this 
party  from  fnlly  accomplishing  all  that  was  expected,  and  one  important 
site  (that  at  Six  Mile  Island)  was  not  reached  at  all. 

The  results  of  these  examinations  are  given  in  the  report  of  Civil  En- 
gineer Assistant  H.  A.  Ulffers,  dated  June  15, 1869,  (Appendix  G,)  and 
in  the  accompanying  seven  sheets  of  maps,  no  additional  surveys  being 
necessary  on  this  river,  except  such  as  may  be  incidental  in  carrying 
out  the  plan  of  improvement  recommended.  !No  further  appropriations 
for  surveys  are  required.  The  unexpended  balance  in  my  hands  can  be 
advantageously  used  to  pay  the  expense  of  making  observations  upon 
the  influence  of  the  high  stages  of  the  water  upon  the  bars  and  bed  of 
the  river,  and  also  in  obtaining  the  velocity  and  discharge  of  the  river 
during  freshets. 

The  following  statement  shows  the  cash  received,  expended,  and  re- 
maining on  hand  during  tiie  fiscal  year  ending  June  30, 1869 : 


AmmiTit  mi  hftnd  July  1.  IflSR 

1695  33 
6,500  00 

Amonnt exp€«iided rr-x  

$5,538  37 

Amount  received  from  IT.  S.  TretwuTy. 

Balance  on  nand  Jane  30, 1869 

Total 

1.656  96 

Total 

7, 195  33 

7,195  33 

It  may  not  here  be  out  of  place  to  state  that  the  general  assembly  of 
Illinois,  by  an  act  approved  February  26, 1869,  has  directed  the  con- 
struction of  one  lock  and  dam  on  the  Illinois  Biver,  to  form  the  first 
link  in  the  improvements  of  that  river,  substantially  conforming  to  the 
general  plan  of  improv^ement  recommended  in  my  report  of  August  15, 
1868.  This  lock  and  dam  are  located  at  Henry  5  the  lock  to  be  composed 
of  hydraulic  stone  masonry,  placed  on  a  foundation  of  bearing  piles, 
timber,  and  plank.  The  chamber  is  to  be  seventy-five  feet  wide  at  top 
of  walls,  and  three  hundred  and  fiJPby  feet  long  between  quoins.  The 
dam  is  to  be  buUt  of  timber  cribs  filled  with  loose  stone ;  to  have  stone 
abutments  at  each  end,  and  to  have  a  row  of  square  piles  driven  close 
together  on  the  lower  side  of  the  apron.  The  length  of  the  dam  will  be 
from  six  hundred  to  eight  hundred  feet  between  abutments,  thirty-five 
feet  wide  on  the  bottom,  including  fifteen  feet  of  apron,  and  from  eleven 
to  fourteen  feet  high.  Brush  and  gravel  are  to  be  placed  on  the  upper 
side  of  the  dam,  sloping  back  to  the  bed  of  the  river,  about  fifty  feet 
above  the  crib  work.  Below  the  apron,  brush  and  stone  are  to  be  filled 
in  from  the  top  of  the  lower  sloping  down  to  the  bed  of  the  river,  at  a 
distance  of  twenty  or  thirty  feet.  The  height  of  the  dam  at  Henry  is 
designed  to  set  the  water  back  to  a  depth  sufficient  to  flood  all  the  bars 
at  low  water,  without  dredging  between  the  dam  and  the  town  of  Utica. 

In  order  to  lessen  the  height  of  the  second  dam  contemplated,  at  or 
near  the  mouth  of  Copperas  Greek,  it  is  proposed  to  dredge  the  bars  in- 
tervening to  a  depth  sufficient  to  furnish  seven  feet  of  water  in  the 
pool.  The  dam  at  Henry  wiU  extend  the  navigation  of  the  Illinois  and 
Michigan  Canal  thirty -one  miles,  and  with  the  dredging  proposed  will 
give  Peoria,  the  most  important  city  on  the  lower  river,  good  water 
communication  with  Chicago. 

This  dredging,  it  is  believed,  can  be  accomplished  with  the  sum  of 
$85,000,  allotted  for  the  purpose  by  the  general  government.  Former 
dredgings  on  this  river  by  the  government  (in  1859)  have  demonstrated 
the  fact  that  permanent  improvements  can  be  effected  by  this  method. 
For  the  completion  of  the  records  of  the  Engineer  Bureau,  I  herewith 
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submit  the  following  reports  and  maps  relating  to  the  survey  of  the  Illi- 
nois Eiver : 

1.  Report  of  Civil  Engineer  Assistant  E.  E.  McMath,  dated  January 
10, 1868,  on  the  hydrographic  survey  of  the  Illinois  River,  from  La  Salle, 
Illinois,  to  the  Mississippi  Biver,  during  the  summer  and  fall  of  1867. 
(Appendix  H.) 

2.  Report  of  Civil  Engineer  Assistant  H.  A.  XJlfferSj  dated  May  27, 

1868,  upon  the  field  oi)erations  of  the  survey  of  the  Illinois  Biver,  during 
the  summer  and  fall  of  1867.    (Appendix  I.) 

3.  Communication  of  Civil  Engineer  Assistant  B.  E.  McMath,  dated 
January  25, 1868,  setting  forth  the  extent  of  his  dissent  from  the  con- 
clusions of  General  Wilson  and  Mr.  WilUam  Grooding,  upon  their  plan 
of  the  improvement  of  the  lUinois  Biver.    (Appendix  J.) 

4.  Copy  of  a  communication  of  Civil  Engineer  Assistant  B.  E.  McMath, 
to  Msgor  General  Humphreys,  presenting  a  theory  for  the  improvement 
of  rivers  and  bars,  &c.,  dated  September  18, 1868.    (Appendix  K.) 

5.  Bemarks  of  Civil  Engineer  Assistant  H.  A.  Ulners  upon  the  fore- 
going, dated  June  23, 1869.    (Appendix  L.) 

6.  Bepoi-t  of  Civil  Engineer  Assistant  H.  A.  XJlffers,  dated  June  15, 

1869,  on  the  survey  for  the  examination  of  sites  for  locks  and  dams  on 
the  Illinois  Biver,  during  the  fall  of  1868.    (Appendix  G.). 

7.  General  map  of  the  Illinois  Biver,  and  Illinois  and  Michigan  Canal. 
Scale  of  two  inches  to  the  mile. 

8.  Profile  of  the  Illinois  Biver,  and  Illinois  and  Michigan  Canal.  Scale 
horizontal  five  thousand  feet  to  the  inch,  vertical  fifteen  feet  to  the  inch. 

9.  Hydrographic  maps  of  bars  and  shoals  of  the  Illinois  Biver,  below 
La  Salle.  Five  sheets  on  a  scale  sixteen  inches  to  the  mile,  and  one 
sheet  on  a  scale  of  four  inches  to  the  mile. 

10.  Cross  sections  of  the  valley  of  the  Illinois  Biver,  in  two  sheets. 
Scale  horizontal  four  inches  to  the  mile,  vertical  forty  inches  to  the  mile. 

11.  Maps  of  localities  for  locks  and  dams  on  the  niinois  Biver,  below 
La  Salle,  with  profiles  and  sections,  in  seven  sheets.  Scale  of  four, 
eight,  sixteen,  and  thirty-two  inches  to  the  mile. 

In  concluding  this  report,  I  desire  to  express  my  high  appreciation  of 
the  professional  ability  and  fidelity  with  which  my  assistants.  Brevet 
Major  Charles  J.  Allen  and  Captain  L.  Cooper  Overman,  corps  of  en- 
gineers 5  Lieutenant  E.  F.  Hoffman,  United  States  Army ;  H.  A.  XJlffers, 
civil  engineer  assistant,  (late  brevet  lieutenant  colonel  United  States 
volunteers,)  and  George  A.  Keefer,  E.  Hudson  Warrall,  and  William 
Hormuth,  civil  engineer  assistants,  have  discharged  the  various  duties 
assigned  to  them  from  time  to  time. 

I  take  pleasure  in  acknowledging  my  obligations  to  them,  and  in  com- 
mending them  to  the  favorable  notice  of  the  Chief  of  Engineers. 
I  am,  general,  very  respectfully,  your  obedient  servant, 

J.  H.  WILSON, 
Lieutenant  Colonel  and  Brevet  Major  Oeneral  U,  8.  A. 
Bvt.  Maj.  Gen.  A.  A.  Humpheeys,  Chief  of  Engineers^ 

Office  of  the  Ghi^f  of  Engineers^  Washington^  D.  0. 


.    A. — Report  of  Captain  L.  Cooper  Overman. 

United  States  EKghkeeb  Office, 
Des  Moines  Bapids  Improvements^  Keokuk^  lowa^  June  29, 1869. 

General:  I  have  the  honor  to  submit  the  following  report  of  the 
condition  and  progress  of  the  work  for  the  improvement  of  the  Des 
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Moines  Rapids  of  the  Mississippi  River,  for  the  fiscal  year  ending  June 
30,1869: 

SECTION  WORK, 

On  the  30th  of  June,  1868,  the  contractors,  Messrs.  Henegan  &  Son, 
had  performed  the  following  quantities  of  their  contract  work: 

109, 153  cubic  yards  of  earth  excavated  from  the  prism  of  the  canal. 
1, 430  cubic  yards  of  rock  excavated  from  the  prism  of  the  canal. 
25, 123  cubic  yards  of  earth  embanked  from  borrow  pits. 
1, 307  cubic  yards  of  material  for  lining  excavat-ed. 
40, 268  cubic  yards  of  loose  stone  in  riprap  w^all  borrowed. 
127  rods  of  road  built  as  new  public  road. 
150  rods  of  road  partially  built  as  new  public  road. 
IJ  miles  of  new  line  of  railroad  graded. 
6. 04  miles  of  superstructure  of  raSroad  changed. 

This  work  had  been  distributed  as  follows : 

At  Nashville,  13,183  cubic  yards  of  earth  excavated  from  prism  of 
canal ;  1,430  cubic  yards  of  rock  excjavat^d  from  prism  of  canal ;  14,415 
cubic  yards  of  earth  embanked  from  borrow  pits ;  14,494  cubic  yards  of 
loose  stone  in  riprap  wall  from  borrow  pits:  which  material  formed  an 
embankment  in  the  river  2,750  feet  in  length,  averaging  ten  feet 
above  surface  of  water,  and  twenty-five  feet  wide,  with  slopes  of  one 
and  one-half  to  one,  protected  on  the  outside  by  a  riprap  protection 
covering  two  and  one-half  feet  thick,  and  extending  seven  feet  above 
the  surface  of  the  water  j  average  depth  of  water,  two  and  one-half  feet. 

At  Sandusky,  38,218  cubic  yards  of  earth  excavated  from  the  prism 
of  canal ;  6,000  cubic  yards  of  loose  stone  in  riprap  wall  from  borrow- 
pits ;  which  material  formed  an  embankment  on  the  flats  and  in  the 
river,  four  thousand  feet  in  length,  averaging  thirteen  feet  high,  and 
twenty-two  feet  wide,  with  slopes  of  one  and  one-half  to  one;  protected 
on  the  outside  by  a  riprap  wall  averaging  two  and  one-half  feet  thick, 
and  extending  seven  feet  above  the  surface  of  the  water. 

At  intermediate  points  between  Nashville  and  Rickey's  Point,  9,000 
cubic  yards  of  loose  stone  in  riprap  w^all,  from  borrow-pits,  which  was 
used  in  forming  the  base  or  toe  of  the  riprap  wall,  for  3,100  feet ;  said 
toe  being  six  feet  wide  on  top,  with  slope  of  one  to  one,  raised  one 
foot  above  the  surface  of  the  water;  average  depth  of  water,  two  and 
one-half  feet. 

At  Rickey's  Point,  38,707  cubic  yards  of  earth  excavated  from  the 
prism  of  the  canal;  6,852  cubic  yards  of  loose  stone  in  riprap  w^all  from 
borrow-pits ;  which  material  formed  an  embankment,  on  the  flats  and  in 
the  river,  2,900  feet  in  length,  averaging  twelve  reet  in  height,  and 
twenty-five  feet  in  width,  with  slope  of  one  and  one-half  to  one,  pro- 
tected on  the  outside  for  1,200  feet  with  riprap  wall,  averaging  ten 
feet  above  surface  of  water,  and  two  and  one-half  feet  thick.  The 
toe  of  the  riprap  had  also  been  extended  eight  hundred  and  fifty 
feet  below  the  end  of  the  embankment,  averaging  five  feet  wide  at 
the  surface  of  the  water,  and  raised  one  foot  above  the  surface  of  the 
water ;  average  depth  of  water,  two  feet. 

At  Price's  Creek,  15,594  cubic  yards  of  earth  excavated  from  the 
prism  of  the  canal;  3,925  cubic  yards  of  loose  stone  in  riprap  wall  from 
borrow-pit« ;  which  material  formed  an  embankment  on  the  flats  and 
in  the  river,  1,900  feet  in  length,  averaging  nine  feet  high  and  thirty 
feet  wide^  with  a  slope  of  one  and  one-half  to  one,  protected  on  the 
outside,  for  1,000  feet,  with  riprap  wall  averaging  two  and  one-half 
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feet  thick,  and  six  feet  in  height.  The  toe  of  the  riprap  wall  had 
also  been  extended  1,300  feet  below  the  end  of  the  earth  embankment, 
averaging  five  feet  wide  at  the  surface  of  the  water,  raised  one  foot 
above  the  surface ;  average  depth  of  water,  eighteen  inches. 

In  new  line  of  public  road  and  railroad,  3,451  cubic  yards  of  earth  exca- 
vated from  the  prism  of  the  canal ;  10,708  cubic  yards  of  earth  embanked 
from  borrow-pits;  996  cubic  yards  of  material  for  lining,  from  borrow- 
pits  'y  with  this  material  a  new  line  of  railroad  had  been  built  for  one 
and  one-half  miles,  and  its  superstructure  changed  for  0.64  mile.  Also 
two  hundi-ed  rods  of  public  road  had  been  built  and  surfaced. 

The  whole  amount  of  embankment  constructed  on  the  flats  and  in 
the  river  was  12,770  feet  long ;  average  height,  ten  feet,  and  average 
width,  twenty-five  feet;  protected  on  the  outside,  for  11,500  feet  of 
this  distance,  by  a  riprap  protection  two  and  one-half  feet  thick, 
and  averaging  seven  feet  above  the  surfiice  of  the  river  or  flats. 
There  was  also  5,250  feet  of  toe  built  in  addition  to  the  above,  averaging 
six  feet  wide,  with  slopes  of  one  to  one,  one  foot  above  the  surface  of 
the  water.    Depth  of  water,  two  feet. 

From  the  30th  of  June  until  October  26, 1868,  the  work  progressed 
slowly  and  unsatisfactorily,  and  although  the  contractors  were  some- 
what interrupted  during  this  period  by  excessively  warm  weather,  the 
main  cause  of  delay  was  their  incapacity  and  inability  to  pei^orm  their 
work.  Not  only  were  their  prices  too  low,  but  they  had  not  sufiicieut 
means  and  machinery  to  carry  on  the  work  in  a  degree  commensurate 
with  its  magnitude.  They  were  repeatedly  notified,  both  verbally  and 
in  writing,  of  their  neglect  to  fulfill  the  requirements  of  their  contract, 
and  were  warned  that  unless  great  improvement  in  the  quantity  of  work 
performed  was  made,  a  violation  of  their  contract  would  be  declared. 

Accordingly  on  the  20th  of  October,  1868,  no  improvement  taking 
place,  and  on  a  verbal  statement  on  their  part  that  they  could  do  no 
better,  upon  recommendation  of  the  engineer  in  charge,  the  contract 
between  Messrs.  Henegan  &  Son  and  the  government  was  formally  de- 
clared violated  and  abandoned  by  the  Chief  of  Engineers. 

For  full  report  and  details  of  the  above  I  would  respectfully  refer  you 
to  my  special  report  upon  this  subject,  dated  October  30, 1868;  also 
letters  to  the  department,  dated  October  30, 1868,  January  18,  2Sj  and 
29, 1869,  and  monthly  report  of  operations  for  October,  1868. 

The  whole  amount  of  work  performed  by  Messrs.  Henegan  &  Son 
from  June  30  to  October  26, 1868,  is  as  follows : 

Grubbing  and  clearing  one-half  of  section. 
Bailing  and  draining  one-half  of  section. 

62, 515  cubic  yards  of  earth  excavated  from  the  prispi  of  the  canal. 
2, 223  cubic  yards  of  rock  excavated  from  the  prism  of  the  canal. 
5, 473  cubic  yards  of  earth  embanked  from  borrow-pits. 

340  cubic  yards  of  lining  material. 
21, 714  cubic  yards  of  loose  stone  in  riprap  wall,  (borrowed.) 

200  cubic  yards  of  vertical  wall  laid  in  cement. 

133  rods  of  public  road  built 

0.10  miles  of  superstructure  of  railroad  changed. 

As  this  is  nearly  four  months'  work,  it  will  not  take  much  calculation 
to  show  how  long  it  would  have  taken  Messrs.  Henegan  &  Son  to  finish 
their  contract  at  this  rate  of  procedure.  Further  comment  is  unne- 
cessary. ^ 

The  necessary  authority  having  been  received,  it  was  determined,  as 
for  the  best  interest  of  the  work,  to  continue  the  prosecution  of  it  by 
"  day's  labor''  until  a  new  contract  could  be  made,  in  order  to  keep  the 
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laborers  together  and  prepare  the  work  for  winter  work.  The  necessary 
preparations  were  accordingly  made,  and  firom  the  26th  of  October  until 
the  24th  of  December  the  work  was  carried  on  by  the  government- 
direct,  without  the  intervention  of  contractors. 

The  whole  amount  of  work  performed  from  October  26, 1868,  to  De- 
cember 24, 1868,  both  inclusive,  being  the  time  during  which  the  gov- 
ernment had  possession,  is  as  follows: 

22, 225  cubic  yards  of  earth  excavated  from  the  prism  of  the  canaL 
4, 816  cubic  yards  of  rock  excavated  from  the  prism  of  the  canal. 
4, 090  cubic  yards  of  earth  embanked  from  borrow -pit. 
3, 093  cubic  yards  of  loose  stone  in  riprap,  (borrowed.) 
0.703  mile  of  line  of  Keokuk  and  St.  Paul  railway  changed. 

Much  time  and  labor  were  expended  by  the  government  during  this 
period,  in  doing  unprofitable  but  n^essary  work,  left  undone  by  the 
old  contractors,  and  this  fact  will  account  in  part  for  the  comparatively 
small  amount  of  work  done,  as  compared  with  the  expense  account. 
For  details  I  would  respectfully  refer  to  monthly  reports  of  N'ovember 
and  December,  1868.  During  the  months  of  November  and  December 
the  work  was  much  delayed  by  unfavorable  weather,  unusually  high 
water,  andjsevere  storms  with  alternate  freezing  and  thawing,  rendering 
the  handling  of  earth  almost  impossible.  The  whole  line  of  the  canal 
was,  however,  left  in  good  condition  for  winter  work  by  the  efforts  of 
the  government  during  these  months. 

Upon  the  failure  of  Henegan  &  Son,  advertisements  were  imme- 
diately inserted  in  a  limited  number  of  newspapers,  inviting  proposals, 
and  the  bids  were  opened  November  18, 1868,  and  J.  J.  Dull  was  de- 
clared the  lowest  bidder.  The  contract  was  duly  awarded  to  him,  and 
the  necessary  papers  were  signed  December  12, 1868.  (See  abstract  of 
proposals  appended  herewith.) 

Immediately  upon  the  signing  of  the  contract  Mr.  J.  J.  Dull  proceeded 
to  make  arrangements  for  commencing  the  work  promptly  upon  the 
first  of  the  year. 

After  some  trouble  he  finally  purchased  the  entire  stock,  machinery, 
&c.,  belonging  to  the  old  contractor,  so  that  by  January  2  work  was 
resumed  in  ftiU  force. 

During  the  month  the  progress  made  was  satisfactory,  considering  the 
condition  of  the  weather  and  the  fact  that  it  was  the  contractor's  first 
month.  The  weather  ever  since  ha«  been  unfavorable ;  rain  and  snow 
storms,  accompanied  by  thawing  and  freezing  weather,  rendered  the 
excavation  pits  almost  impassable,  and  added  to  this  the  continued  rains 
and  mild  weather  caused  the  river  to  rise.  Nothing  of  importance,  how- 
ever, occurred  to  delay  the  progress  of  the  work,  until  the  night  of  the 
18th  of  February,  when  the  water  in  the  river  became  so  high  as  to 
overflow  and  carry  away  a  portion  of  the  new  bank  between  what  is 
known  as  the  "Ballinger  Cross-bank''  and  " Grand-bank  132." 

For  particulars  connected  with  this  overflow,  the  cause,  damage,  &c., 
I  would  respectfully  refer  you  to  my  monthly  report  for  February,  1869. 

From  that  time  until  the  end  of  the  fiscal  year  the  work  progressed 
with  tolerably  satisfactory  rapidity,  consideration  being  had  for  the  un- 
favorable condition  of  the  weather  and  tbe  high  stage  of  water  in  the 
river.  The  latter  caused  much  trouble  by  occasioning  leaks  in  the  bank 
at  Nashville  and  at  "  Stott's  Mill,"  thereby  flooding  the  excavation  pits 
and  causing  an  entire  stoppage  of  work  for  several  days. 

The  first  of  these  leaks  occurred  at  Nashville  on  the  20th  of  April; 
the  second  at  the  same  place,  on  the  5th  of  May;  and  the  third  and  last 
at  Stott's  Mill  pit;  on  the  9th  of  May.    For  ftdl  details  of  the  above  leaks 
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and  supposed  cause  of  tbe  same,  method  of  stopping,  &c.,  I  would  respect- 
ftilly  refer  you  to  my  reports  of  operations  for  the  months  of  April  and 
May,  1869. 

The  entire  amount  of  work  performed  by  J.  J.  Bull,  under  his  con- 
tract;  up  to  June  30, 1869,  is  as  follows : 

Grubbing  and  cleaning,  ^j. 

Bailing  and  draining,  |. 

50,380  cubic  yards  of  earth  excavated  from  the  prism  of  the  canal. 

33,064  cubic  yards  of  rock  excavated  from  the  prism  of  the  canal. 

880  cubic  yards  of  earth  embanked  from  "  borrow  pits.*^ 

2,600  cubic  yards  of  material  puddled. 

2,176  cubic  yards  of  loose  stone  in  riprap,  (borrowed  material.) 

The  above  is  for  six  months'  work,  and,  considering  the  weather,  the 
quantity  is  satisfactory,  and  fair  proportion  of  the  work  necessary  to 
complete  the  contract  in  the  required  time. 

The  total  amount  of  work  done  by  all  parties  on  the  "section  work''  up 
to  June  30, 1869,  was  as  follows : 

24,4274y  cubic  yards  of  earth  excavated  from  the  prism  of  the  canal. 
37,533^  cubic  yards  of  rock  excavated  from  the  prism  of  the  canal. 
35,566  cubic  yards  of  earth  embanked,  (borrowed  material.) 
67,515  cubic  yards  of  loose  stone  in  riprap  wall,  (borrowed.) 
335  ^j\^  rods  of  new  public  road  constructed, 
l^j^  mile  of  new  railroad  built. 

This  work  has  been  distributed  as  follows : 

At  Nashville,  an  unfinished  embankment  has  been  built,  extending 
down  etream  3,500  feet  in  length,  averaging  ten  feet  above  the  surface 
of  the  water,  twenty-five  feet  wide,  with  slopes  of  one  and  one-half  to  one 
on  the  outside,  and  one  and  one-quarter  to  one  on  the  inside;  protected 
on  the  outside  by  a  riprap  wall,  averaging  two  and  one-half  feet  thick, 
and  extending  seven  feet  above  the  surface  of  the  water :  and  on  the 
inside  by  a  riprap  wall  for  2,600  feet,  averaging  ten  feet  in  neight.  The 
prism  of  the  canal  has  been  correspondingly  excavated  by  the  removal 
of  rock  and  earth. 

At  Sandusky  and  vicinity  an  unfinished  embankment  has  been  con- 
structed in  the  river  and  on  the  "flats,"  8,300  feet  in  length,  averaging  thir- 
teen feet  high  and  twenty-two  feet  wide,  with  sloi)es  of  one  to  one,  pro- 
tected on  the  outside  for  about  4,300  feet  of  the  distance  by  a  riprap 
protection,  averaging  seven  feet  above  the  surface  of  the  water.  The 
prism  of  the  canal  has  been  correspondingly  excavated  by  the  material 
removed. 

At  points  between  Nashville  and  Sandusky,  between  the  up-stream 
end  of  the  Sandusky  damp  and  the  down-stream  end  of  the  Nashville 
dump,  (a  distance  of  6,400  feet,)  the  base  or  "toe  "of  the  riprap  wall  has 
been  placed  in  the  river,  and  will  average  twelve  feet  wide  on  top,  with 
slopes  of  one  to  one ;  average  height  above  surface  of  water  three  feet  j 
average  depth  of  water  two  and  one-half  feet. 

At  Eickey's  and  vicinity,  an  unfinished  embankment  has  been  con- 
structed on  the  " flats"  and  in  the  river,  4,500  feet  in  length,  averaging 
twelve  feet  in  height,  twenty-five  feet  in  width,  with  slopes  of  one  and  one- 
half  to  one,  protected  on  the  outside  for  3,000  feet  of  the  distance  by  a 
riprap  wall  averaging  ten  feet  in  height  and  two  and  one-half  feet  thick. 
The  base  or  "toe"  of  the  riprap  wall  has  also  been  extended  2,500  feet  be- 
low the  end  of  the  bank,  averaging  five  feet  wide  at  the  surface  of  the 
water,  and  raised  one  foot  above  the  surface  of  ordinary  low  water ;  av- 
erage depth  of  water,  two  feet.  The  prism  of  the  canal  has  been  corre- 
spondingly excavated  by  the  material  removed. 
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At  Price's  Creek  and  Stott's  Mill,  an  nnfinished  embankment  on  the 
"flats''  and  in  the  river  has  been  built,  5,000  feet  in  length,  averaging  ten 
feet  in  height  and  twenty  fe^t  in  width,  with  slope  of  one  and  one-half  to 
one,  protected  on  the  outside  by  a.riprap  wall  for  its  whole  length. 
This  riprap  wall,  extending  3,000  feet  of  the  distance,  averages  two  and 
one-half  feet  in  thickness ;  average  height,  seven  feet.  On  the  inside  the 
embankmeut  is  protected  by  a  riprap  wall  for  800  feet  of  its  length,  av- 
eraging ten  feet  in  height. 

The  prism  of  the  canal  has  been  correspondingly  excavated  by  the 
removal  of  the  earth  and  work.  The  whole  length  of  the  railroad  re- 
quired to  be  changed  by  the  location  of  the  canal  has  been  changed, 
the  bridge  and  culverts  built,  the  ties  and  iron  replaced,  and  the  whole 
placed  in  good  running  order. 

The  line  of  public  road  required  to  be  changed  has  also  been  com- 
pleted and  accepted  by  the  supervisors  of  the  county. 

From  the  above  we  see  that  the  whole  amount  of  embankment  com- 
pleted up  to  the  30th  day  of  June,  1869,  is  as  follows :  22,200  feet  of 
embankment,  averaging  ten  feet  high  and  twenty-five  feet  wide  at  the 
surface  of  the  water,  protected  by  a  riprai)  wall  for  20,000  feet  of  this 
distance,  averaging  two  and  a  half  feet  thick  and  seven  feet  in  height 
above  the  surface  of  the  ordinary  low  water ;  also,  10,380  feet  of  "  toe"  or 
base  of  riprap  wall  has  been  placed  in  the  river,  averaging  ten  feet 
wide,  and  two  and  one-half  feet  above  the  surface  of  ordinary  low  water, 
and  with  an  average  depth  below  the  surface  of  two  feet,  with  slope  of 
one  to  one. 

The  above  is  about  half  of  the  work  necessary  to  be  done  in  order  to 
complete  the  embankment  wall,  and  to  excavate  the  prism  of  the  canal 
for  the  improvement  of  the  Des  Moines  Eapids  of  the  Mississippi  Kiver. 

«  aENEBAI.  BEMABKS. 

The  work  has  been  done  during  this  year  principally  by  the  use  of 
cars  and  locomotives;  the  track  being  laid  upon  either  the  embankment 
or  the  base  of  the  riprap  wall  as  the  case  required,  and  extended  as  the 
work  progressed.  Side  and  end  dumping  cars  are  used  for  earth,  and 
small  plat-cars  for  stone.  The  locomotives  are  small,  being  built  ex- 
pressly for  this  purpose,  the  gauge  of  the  track  being  four  feet. 

All  things  being  considered,  and  due  regard  being  had  for  the  un- 
favorable weather,  the  progress  made  during  the  year  has  been  satis- 
factory. 

The  weather  during  the  spring  has,  however,  been  particularly  un- 
favorable for  out-door  work.  A  mild,  wet  winter  being  followed  by  a 
rainy  spring,  has  rendered  the  movement  of  earth  very  difficult,  and  has 
interfered  considerably  with  the  handling  of  rock. 

The  river  was  unusually  high  during  the  months  of  March,  April,  and 
May,  and  still  continues  so. 

The  average  force  employed  during  the  year  was  as  follows :  One  su- 
I)erintendent,  thirteen  foremen,  two  hundred  and  forty  laborers,  twenty- 
one  supernumeraries  with  sixteen  teams,  one  locomotive,  fifty  earth  cars, 
twenty-seven  stone  cars,  two  steam  pumps,  and  three  stone  boats; 
average  number  of  working  days  two  hundred  and  sixty-five,  giving  for 
total  days'  work  72,875  for  men,  and  4,240  for  teams. 

The  various  field  operations  for  the  above  work  were  performed  for  a 
time  by  civil  engineer  assistants  O.  C.  Wetmore  and  E.  Hudson  Wor- 
rall ;  then  by  E.  Hudson  Worrall  alone. 

The  above  gentlemen,  with  the  necessary  assistants,  woxe  employed 
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daily  during  the  year  in  locating  the  line,  laying  out  and  superintend- 
ing the  work,  making  the  necessary  measurements,  and  in  estimating 
and  calculating  the  approximate  amounts  of  work  performed  each 
month  ;  all  of  which  was  performed  in  a  satisfactory  manner  under  the 
general  supervision  of  Mr.  D.  C.  Jenn^,  United  States  civil  engineer,  and 
myself. 

The  necessary  maps  and  plans  for  the  above  work  were  drawn  by 
civil  assistant  William  Hormuth. 

LOCK  WORKS. 

On  Monday^  August  17,  1868,  Mr.  E.  Owen,  to  whom  the  contract 
for  the  labor  m  the  construction  of  the  lower  lock  was  duly  awarded, 
commenced  the  work  by  extending  a  guard-bank  of  earth  across  the 
head  of  the  lock  section." 

During  September,  the  coffer  work  for  the  dam  was  commenced  by 
running  out  the  timber  dam  across  the  foot  of  the  lock  se^^ion.  Mean- 
while, the  work  upon  the  guard-bank  was  pushed  rapidly  ahead.  On 
the  10th  of  November  the  entire  dam  was  completed,  and  united  with 
the  earth  bank  at  the  head  and  side,  thus  entirely  inclosing  the  lock-pit. 
Pumping  was  immediately  commenced,  and  the  bottom  exposed  by  the 
15th  of  November,  but  owing  to  high  water,  which  immediately  ensued, 
it  was  thought  best  to  flood  the  dam  again,  as  it  was  a  new  one,  and 
not  thoroughly  settled.  The  water  having  fallen  oflF,  it  was  pumped 
out  again  November  2l8t,  For  the  details  of  this  dam,  and  other  points 
connected  with  its  construction,  I  would  respectfully  refer  to  my  monthly 
report  for  October,  1868. 

On  the  night  of  November  30  a  break  occurred,  owing  to  the  high 
stage  of  water  in  the  river,  the  head  being  at  the  time  nine  and  a  half 
feet,  and  the  thickness  of  the  dam  only  ten  feet.  The  leak,  howe^r, 
was  promptly  stopped,  and  the  entire  dam  strengthened  by  timber 
braces. 

The  bottom  of  the  river,  as  exposed  by  pumping  and  blasting,  shows 
a  coarse,  stratified  limestone.  It  was  covered  with  nearly  sixteen  inches 
of  gravel,  shells  and  sand,  but  this  debris  was  to  be  expected,  as  the 
dam  was  built  at  the  foot  of  the  lower  chain  of  the  rapids. 

Eock  excavation  was  commenced  immediately,  and  carried  on  with 
tolerably  satisfactory  success,  the  excavated  rock  being  used  as  a  rip- 
rap protection  for  the  outside  of  the  main  bank,  which  formed  the  east 
side  of  the  dam.  On  the  night  of  December  30,  a  break  occurred  iu  the 
east  bank ;  for  particulars  of  which,  I  respectfully  refer  to  my  report  for 
December,  1868. 

On  the  23d  of  December,  the  first  stone  was  dressed,  since  which  time, 
the  dressing  of  the  stone  has  continued  slowly,  owing  to  the  diflftculty 
experienced  in  getting  the  stone  delivered  in  asuflicientlyrapid  manner. 
Owing  to  the  continued  high  water  in  the  river,  the  dam  was  overflowed 
until  the  20th  of  January,  1869,  during  which  time  but  little  work  was 
done  save  to  continue  the  dressing  of  stone,  and  to  fill  out  with  earth 
between  the  shore  line  and  lock,  with  borrowed  material.  On  the  16th 
of  February  the  dam  was  again  flooded  with  high  water,  suspending 
the  work,  as  in  j£f,nuary.  The  dam  was  again  pumped  out,  and  work 
resumed  by  the  first  of  March,  and  the  work  pushed  forward  with  toler- 
able rapidity  duiing  the  entire  month,  the  weather  being  favorable.  On 
March  23d,  the  weather  being  mild,  ^le  work  of  laying  up  the  outside 
wall  of  the  pier  was  commenced,  a  few  stone  having  been  laid  December 
14, 1868. 

16 
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On  the  3d  of  April  the  dam  was  again  flooded  by  the  high  stage  of 
water  in  the  river,  and  the  dam  has  remained  overflowed  ever  since. 
Daring  this  time  nothing  has  been  done  toward  the  construction  of  the 
lock,  except  to  dress  a  few  stone,  and  to  continue  the  ^^  filling  in"  be- 
tween the  shore  line  and  the  line  of  the  inside  face  of  the  lock  walls. 

The  whole  amount  of  work  performed  by  Mr.  E.  Owen,  under  his  con- 
tract for  the  labor  in  the  construction  of  the  lower  lock,  up  to  June  30, 
'  1869,  is  as  follows : 

Bailing  and  draining  ^. 

2,880  cubic  yards  of  earth  excavated  from  lock-pit. 

4,042  cubic  yards  of  rock  excavated  from  lock-pit. 

34,718^»^  cubic  yards  of  earth  embankment  from  "  borrow-pits.'' 

2,160  cubic  yards  of  loose  stone  in  riprap  walls  from  "  borrow-pits.'^ 

29,271  cubic  yards  of  vertical  wall,  laid  in  cement  for  the  pier. 

343  cubic  yards  of  stone,  dressed  for  lock  walls. 

760  feet  b.  m.,  white  oak  timber,  prepared  and  put  into  the  work. 

600  pounds  of  wrought  iron,  handled  and  put  into  the  work. 

With  the  above  material,  the  main  embankment,  forming  the  outside 
of  the  lock  section,  has  been  built  for  four  hundred  and  seventy-ftve  feet 
in  length,  with  an  average  width  of  twenty-five  feet,  and  an  average 
height  of  thirteen  feet  above  ordinary  low  water,  with  slope  of  6ne  to 
one  and  one-quarter,  covered  on  the  outside  for  its  entire  length  and 
height  with  a  heavy  riprap  protection.  The  space  between  the  shore 
line  and  the  line  of  the  lock  wall  has  been  filled  in  for  two-thirds  of  the 
distance,  with  an  average  height  of  "fill''  of  eight  feet.  The  vertical 
wall  is  about  two  hundred  feet  in  length,  and  ten  feet  in  height.  The 
timber  and  iron  were  employed  to  form  a  ^'step''  against  which  the 
foot  of  the  wall  rests ;  the  timber  being  bolted  to  the  rock  bottom  of  the 
rivej.  The  dressed  stone  is  merely  prepared,  none  having  as  yet  been 
laid. 

The  progress  made  has  been  satisfactory  during  the  time  when  the 
contractor  could  work,  but  the  work  has  been  much  delayed,  and  con- 
siderable time  lost  by  the  low  timber  dam  which  Mr.  Owen  constructed. 
He  was  advised  differently,  but  from  principles  of  false  economy,  and 
through  the  advice  of  others,  he  built  only  a  twelve-foot  dam,  instead  of 
one  fifteen  feet  high,  which  was  recommended  by  the  engitieer  in  cJuirge, 
The  additional  three  feet  would  have  prevented  all  overflows  which  thus 
far  have  taken  place;  and  other  work  instead  of  being  continually  delayed 
might  have  progressed  regularly  and  rapidly  from  the  commencement 
of  the  work  to  the  present  time. 

ASSISTANTS. 

The  field  work  necessary  for  the  above  has  been  performed  by  civil 
assistant  O.  0.  Wetmore,  then  by  civil  assistant  George  A.  Keefex,  and 
latterly  by  civil  assistant  H.  A.  Ulfl'ers.  The  necessary  plans,  maps,  &c., 
have  been  drawn  by  civil  assistants  G.  A.  Keefer,  William  Hormuth, 
and  J.  P.  Frizell,  all  of  which  work  has  been  performed  in  a  satisfac- 
tory manner,  under  the  immediate  direction  of  Mr.  D.  G.  Jenn6,  United 
Sts^tes  civil  engineer,  and  myself. 

STONE. 

On  the  31st  of  August,  1868,  Mr.  Tlharles  E.  Tobie,  to  whom  the  con- 
tract for  furnishing  the  stone  for  the  construction  of  the  lower  lock  had 
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been  duly  awarded^  commenced  operations  by  the  opening  of  a  natural 
quarry,  purchased  by  him  near  what  is  known  as  "  Ballinger's  Bun,'' 
six  miles  northeast  of  Keokuk,  and  near  the  line  of  the  Keokuk  and  St. 
Paul  railway.  The  months  of  September,  October,  November,  and  a 
part  of  December,  were  expended  by  Mr.  Tobie  in  opening,  stripping, 
clearing  out,  and  equipping  his  quarry,  and  in  grading  and  constructing 
a  line  of  railroad  from  his  quarry  to  the  Keokuk  and  St.  Paul  railway,  a 
distance  of  about  thirteen  hundred  feet.  The  first  stone  was  delivered 
on  December  18, 1869,  and  from  that  time  until  May,  1869,  the  stone 
was  brought  down  very  slowly,  and  in  small  quantities. 

Much  dissatisfaction  was  felt  and  expressed  at  the  manner  in  which 
Mr.  Tobie  was  fulfilling  the  terms  of  his  contract.  He  had  delayed  the 
delivery  so  long,  by  the  dilatory  construction  of  his  track,  &c.,  that 
when  he  was  prepared  to  deliver  the  stone  the  weather  interfered  very 
much  with  the  quarrying  and  the  handling  of  the  stone. 

No  improvement,  however,  took  place  during  the  spring,  in  conse- 
quence of  which  the  cutting  and  preparing  of  the  stone  by  the  "  contrac- 
tor for  the  labor  on  the  lower  lock"  was  very  much  delayed — ^the  quan- 
tity delivered  being  so  small  as  not  to  keep  the  cutters  employed  from 
day  to  day. 

On  the  8th  of  May,  1869,  Mr.  Charles  E.  Tobie  formally  abandoned 
his  contract  entered  into  the  28th  day  of  September,  1868,  to  deliver 
stone  for  the  construction  of  the  lower  lock,  assigning  as  a  reason  for  so 
doing  the  low  prices  at  which  he  had  agreed  to  deliver  the  stone. 

The  case  was  rei)orted  to  the  engineer  department  in  Washington, 
and  authority  obtained  to  make  a  new  letting  immediately.  An  ad- 
vertisement was  accordingly  placed  in  six  of  the  leading  newspapers 
throughout  the  country,  naming  Monday,  May  31, 1869,  as  the  day  for 
opening  the  bids.  Upon  a  canvass  of  the  bids  received  it  was  decided 
to  reject  them  all,  for  the  reason  "  that  the  lowest  bidders  were  not  able 
or  willing  to  give  satisfactory  evidence  of  their  capacity  to  deliver  the 
stone  in  the  quantities  and  within  the  time  required,  while  all  other 
bidders  proposed  at  too  high  prices."  Authority  having  been  received 
"  to  purchase  the  stone  in  open  market,''  an  agreement  was,  on  the  10th 
day  of  June,  1869,  entered  into  with  Charles  G.  Case  and  F.  D.  Van 
Wageneu^  to  ftimish  all  the  stone  required  for  the  lower  lock,  and  face 
and  backing  stone  for  the  upper  and  middle  locks,  so  far  as  the  sum 
(less  the  necessary  contingencies)  of  $200,000  would  pay  for  the  same. 
Por  details  I  would  respectfully  refer  to  official  letter  and  report  of 
operations  for  June,  1869.  Up  to  June  30, 1869,  no  stone  had  been  de- 
livered by  Messrs.  Case  &  Co.,  the  unfavorable  weather  and  necessary 
preparations  preventing. 

The  whole  quantity  of  stone  delivered  by  Mr.  Charles  E.  Tobie,  from 
the  date  of  his  contract  to  the  time  that  he  abandoned  the  same,  was  as 
follows : 

331.92  cubic  yards  of  face  stone. 
-     335.34  cubic  yards  of  backing  stone. 
41.63  cubic  yards  of  slope  wall  stone. 

As  this  was  over  eight  months'  work,  and  the  proportion  necessary 
to  be  delivered  in  each  and  every  month  was  eleven  hundred  and  thirty- 
three  cubic  yards,  it  is  evident  that  he  had  not  fulfilled,  nor  could  not 
fulfill,  his  contract  in  any  reasonable  time. 

The  stone  delivered  by  Mr.  Tobie  was  a  first-rate  quality  of  mag- 
nesian  limestone,  of  the  "  Keokuk  group,"  and  is  well  adapted,  and  fully 
complies  with  the  specification  as  to  quality,  for  the  i)urposes  for  which 
it  is  intended. 
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Messrs.  Case  &  Co.  have  purchased  the  quarry,  with  its  tools,  ma- 
chinery, track,  &c.,  of  Mr.  Tobie,  and  are  preparing  to  extend  and  work 
it  extensively.  The  appearances  are,  that  that  quarry  alone  will  be 
able  to  i^mish  all  the  stone  required. 

Messrs.  Case  &  Co.  have^  however,  opened  another  quarry  near  ]^ash- 
ville,  Lee  County,  Iowa,  from  which  they  propose  to  obtain  stone  for 
the  upper  lock,  situated  near  Nashville. 

The  inspection,  selection,  and  measurements  of  the  stone  thus  far 
delivered  have  been  made  by  civil  assistant  George  A.  Keefer,  under 
my  immediate  supervision,  until  the  date  of  his  resignation.  Since  that 
time  they  have  been  made  by  Second  Lieutenant  Joseph  E.  Griffith, 
United  States  Corps  of  Engineers. 

PROBABLE  OPERATIONS  DURINO  THE  PRESENT  WORKING  SEASON. 

Upon  the  "section  work"  steps  have  been  taken  to  largely  increase 
the  amount  of  work  in  each  month  sls  soon  as  the  water  in  the  river 
permits.  The  contractors  have  been  required  to  increase  their  appli- 
ances, and  have  now  two  locomotive  engines  for  hauling  earth  and 
stone ;  some  sixty  dirt  cars  and  the  same  number  of  stone  cars,  and  iron. 
&c.,  sufficient  to  lay  a  track  for  the  same  over  four  miles  in  length'. 
About  three  miles  of  track  is  already  down  and  in  use. 

If  favorable  weather  and  a  low  stage  of  water  ensues  for  the  remain- 
der of  the  year  the  whole  of  the  appropriation  will  be  expended  by  Jan- 
uary 1, 1870,  and  the  ''section  work"  about  two-thinls  finished.  The 
working  sea-son  for  section  work  is  continued  throughout  the  year,  as 
winter  interferes  but  little  with  the  excavation  of  rock  from  the  prism 
of  the  canal,  the  largest  item  of  the  work. 

Upon  the  lock  work  preparations  are  already  made  to  push  the  work 
with  great  rapidity,  as  soon  as  the  stage  of  the  water  will  permit. 

The  contractor  has  all  the  necessary  machinery  for  doing  work  rapidly, 
■including  steam  derricks,  and  '^  Burleigh's  patent  steam  drill,"  for  rock 
drilling,  a  description  of  which  was  given  in  my  report  of  operations  for 
the  month  of  February,  1869.  All  the  other  necessary  appliances  are 
on  the  ground. 

It  is  hoped  that  by  November  15,  (the  usual  close  of  the  working  sea- 
son for  such  work  in  this  latitude,)  work  to  the  amount  of  $1W),000 
will  be  finished,  which  expenditure  will  complete  all  the  necessary  ex- 
cavation for  the  lock,  chamber  and  walls,  prepare  the  masonry,  em- 
bankment, lay  up  and  complete  the  pier  at  the  foot  of  the  lock,  and 
probably  lay  the  foundation,  and  the  first  course  of  the  lock  walls 
proper. 

The  dressing  of  stone  for  the  pier  and  lock  will  be  continued  as  rap- 
idly as  the  stone  is  delivered. 

The  present  arrangements  for  the  delivery  of  stone,  it  is  hoped,  wiU 
be  sufficient  to  push  forward  its  delivery  to  the  lower,  middle,  aud  guard 
locks,  at  rapid  rates.  It  is  anticipated  that  by  January  1,  1870,  about 
$150,000  worth  of  stone  will  be  delivered  at  the  various  locks. 

Preparations  are  being  made  to  commence  cutting  the  stone  for  the 
middle  and  upper  locks,  by  "  days'  labor,"  as  soon  as  Messrs.  Case  & 
Co.  deliver  the  stone,  and  to  push  the  cutting  as  rapidly  as  the  delivery 
will  allow.  The  excavation  of  the  lock  pits  for  the  middle  and  upper 
locks  will  also  be  commenced  during  the  present  working  season. 

LAND  DAMAGES. 

The  commission  of  six  freeholders  appointed  April  28, 1868,  by  the 
sherifl:*  of  Lee  County,  Iowa,  under  the  laws  of  the  State,  to  assess  and 
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decide  claims  for  land  damages,  completed  their  labors  about  the  7th 
of  September,  1868,  having  been  in  session  during  that  time  forty-two 
days,  not  consecutively.  They  found  and  acted  upon  forty-one  claims, 
the  originals  of  which,  together  with  an  abstract  showing  the  quantity 
of  land  damages,  description  of  property,  amount  claimed,  estimated 
prices  and  action  of  commissioners  in  each  case,  were  duly  forwarded  to 
the  department  October  17, 1868. 

By  letter  dated  Headquarters  Corps  of  Engineers,  Washington,  Octo- 
ber 28, 1868,  you  were  authorized  to  settle  with  claimants  at  the  assessed 
value,  ^'  first  tendering  claimants  payment  in  accordance  with  your  esti- 
mated value."  A  copy  of  the  letter  with  the  necessary  instructions  was 
accordingly  given  to  Daniel  F.  Miller,  esq.,  the  assistant  United  States 
attorney,  who  had  had  the  legal  business  pertaining  to  these  claims  in 
charge.  The  necessary  deeds,  quit-claims,  &c«,  were  prepared  and 
vouchers  for  the  claims  were  paid  as  presented,  the  government  tak- 
ing a  title  in  fee  simple  for  all  land  appropriated. 

Thirty-nine  of  these  claims  have  already  been  settled,  at  an  aggregate 
cost  to  the  United  States  of  $32,983  02,  including  attorney's  fees,  com- 
missioner's fees,  &c.    Of  the  remaining  three  unsettled  claims,  two  are 
in  dispute,  and  the  other  has  not  been  called  for. 
All  of  which  is  respectfully  submitted. 

Very  resi)ectfiilly,  your  obedient  servant, 

L.  COOPER  OVEEMAN^, 

Captain  Carps  of  Engineers, 
'  Brevet  M^or  General  J.  H.  Wilson, 

Lieutenant  Colonel  United  States  Army. 
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E. — Report  of  Brevet  Major  Charles  2>.  Allenj  captain  Corps  of  Engineers. 

United  States  Engineer  Office, 

Rock  Islandy  Illinois^  July  7, 1869. 

General  :  I  have  the  honor  to  submit  the  following  report  of  the 
engineer  operations  under  my  charge  for  the  year  ending  June  30, 1869, 
pertaining  to  the  improvement  of  the  Kock  Island  Eapids  of  the  Mis- 
sissippi Eiver : 

My  last  annual  report,  dated  Davenport,  Iowa,  June  30,  1868,  con- 
tained a  synopsis  of  field  and  of&ce  work  for  the  year,  and  showed  the 
approximate  completion  of  the  channel  then  being  excavated  at  Duck 
Creek  Chain,  about  six  and  a  half  miles  above  this  city }  the  commence- 
ment of  the  coffer-dam  for  the  improvement  of  Moline  Chain,  two  and 
a  half  miles-  above  this  place ;  and  preparations  for  the  commencement 
of  the  large  coffer-dam  at  Sycamore  Chain  ;  also  a  description  of  chisel 
boats  and  dredges  used,  and  the  construction  and  method  of  putting  in 
the  dams.  Up  to  that  time  there  had  been  excavated  and  removed  from 
the  bed  of  the  river  at  Duck  Creek  Chain,  6,898.66  cubic  yards  of  rock, 
of  which  6,183.80  yards  were  removed  by  means  of  the  coffer-dam,  and 
1,714.86  yards  had  been  broken  up  by  means  of  the  Osgood  chisels,  and 
removed  by  the  dredges.  Of  the  Moline  coffer-dam,  the  breakwater  at 
the  head  had  been  completed,  and  a  few  feet  of  the  head  of  the  dam 
built. 

The  chisel-work  was  kept  up  steadily  at  Duck  Creek  Chain  throughout 
the  season,  it  being  necessary  to  break  up,  by  this  method,  an  irregular 
mass  of  rock  about  1,600  feet  in  length  by  200  feet  in  width.  As  rapidly 
as  the  rock  was  broken  sufficiently  fine  by  the  chisels,  it  was  taken  up 
by  the  dredges,  an^  removed  either  to  the  shore,  or  to  deep  holes  and 
pockets  in  the  immediate  vicinity  of  the  work.  The  excavation  had 
been  completed  within  the  coffer-dam  as  stated,  but  the  dam  was  left  in 
for  the  season  to  facilitate  the  working  of  the  chisels  and  dredges,  by 
forming  a  breakwater  above  the  scene  of  operations,  giving  partial  slack- 
water  below  the  dam,  and  also  serving  to  protect  the  boats  from  steam- 
ers and  other  floating  bodies. 

The  dredges  were  taken  off  during  the  month  of  July,  in  order  to  use 
them  for  furnishing  puddling  for  the  coffer-dam  in  process  of  construc- 
tion at  Moline  Chain,  and  during  the  succeeding  fall  they  were  again 
taken  off*  for  a  short  time  to  aid  in  constructing  the  large  dam  at  Sycamore 
Chain.  One  of  them  was  afterward  returned  to  the  work.  By  the  6th 
of  December,  the  cold  had  become  so  intense,  and  the  ice  was  running 
so  freely  in  the  river,  that  the  contractors  hauled  their  dredges  and 
chisels  off  the  work,  and  laid  them  up  for  the  winter.  I  did  not  consider 
them  authorized  to  do  this  without  my  consent,  and  notwithstanding 
the  running  ice,  I  forced  them  out  again  into  the  stream,  and  kept  them 
there  until  the  22d  of  the  month,  when,  it  being  impossible  to  work 
longer,  they  were  finally  taken  into  winter  quarters.  Both  in  getting 
them  out  and  returning  them,  ice  saws  and  axes  had  to  be  used  in 
order  to  cut  channels  for  the  boats,  through  the  gorges  and  fields  of 
ice.  The  work  was  resiuned  at  this  chain  in  April  of  the  succeeding 
year,  and  the  coffer-dam.  cribs,  and  piles  of  loose  stone  finally  removed 
and  the  channel  reported  clear. 

The  following  quantities  of  rock  were  estimated  as  broken  and  dredged 
up,  viz : 

Cubic  yards. 

August 606.25 

September 673.99 
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Cubic  yardfl. 

October 672.13 

November 967.08 

December 568.12 

Total  by  chisels  and  dredges 3,387.57 


Days'  labor  at  Duck  Creek  Chain,  reduced  to  number  of  days'  services : 

Superintendents 173 

Foremen 194 

Engineers 343 

Blacksmiths /-  -  156 

Carpenters 120 

Laborers 1, 126 

Total 2,112 

With  two  dredges,  two  chisels,  and  two  flats. 

Cost  per  cubic  yard  of  excavating  rock  by  means  of  chisels  and 
dredges : 

Actual  cost  per  yard $2  52 

Royalty  on  use  of  patent  chisel 50 

Premium  arising  from  interest  on  capital  invested,  depreciation 

of  tools,  &c 3  46 

Total  cost  per  yard 6  48 


Sixty  strokes  of  the  chisel  are  necessary  to  break  .one  yard  of  rock. 

The  accompanying  small  map  of  this  chain  will  show  the  extent  of 
the  work. 

By  the  30th  of  July  the  coffer-dam  on  Moline  Chain  had  been  finished 
and  connected  with  the  stone  dam  at  the  head  of  Rock  Island,  by  a 
bridge  built  on  stone  cribs,  five  hundred  feet  in  length.  The  coffer-dam 
(see  tracing)  had  an  average  cross  section  of  9  by  9  feet,  and  a  devel- 
opment of  2,645  linear  feet.  Placed  upon  a  rock  bottom  and  in  a  cur- 
rent of  6.3  feet  per  second,  extraordinary  pains  had  to  be  taken  in  its  con- 
struction, and  in  protecting  it  by  means  of  cribs  on  the  outside.  To 
further  secure  it  from  the  blows  of  rafts  or  logs,  booms  were  constructed 
on  the  up-stream  side,  and  the  line  of  cribs  at  its  head  extended  into 
the  stream  from  twenty  feet  to  thirty  feet  on  either  side. 

The  work  was  considerably  delayed  from  the  frequent  collisions  of 
steamers,  which,  in  trying  to  ascend  the  chain,  were  drawn  into  the  eddy 
at  the  foot  of  the  dam,  and  thence  swung  against  the  work  itself.  Sec- 
tions of  the  coffer  work  were  broken  through  in  this  way  no  less  than 
.  six  times,  entailing  loss  upon  the  contractors,  and  delaying  the  work. 

Remonstrances  failing,  I  directed  cribs  filled  with  stone  to  be  sunk, 
and  piles  of  stone  to  be  placed  where  the  dam  was  likely  to  be  struck 
by  boats,  and  then  notified  the  steamboat  men.  After  this  no  accidents 
of  this  nature  occurred.  The  dam  inclosed  six  acres,  averaging  260 
feet  in  width  and  950  feet  in  length. 

By  the  15th  of  August  the  inclosed  area  was  finally  cleared  of  water 
by  means  of  the  pumps,  and  a  close  topographical  survey  of  the  rock 
bottom  was  made.  An  examination  showed  the  lime  rock  to  be  much 
more  regular  in  its  formation  and  layers  than  that  worked  at  Duck 
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Greek  Chain  the  precedmg  year.  A  large  Dnmber  of  granite  boulclers 
were  found  scattered  over  the  surface  of  the  rock,  which  had  undoubt- 
edly been  dex>08ited  there  by  the  fields  of  ice  as  they  moved  down  in 
the  spring.  Some  of  these  were  of  large  size,  sufficiently  so  to  cause 
the  destruction  of  any  vessel  striking  against  them,  and  it  is  singular 
that  they  were  never  reported.  These  boulders  are  liable  to  be  depos- 
ited at  any  time,  and  after  the  completion  of  the  work,  if  any  such  should 
be  the  cause  oi  damage  to  vessels,  it  must  not  be  attributed  to  the 
engineering  of  the  work.  Provision  diould  be  made  for  the  immediate 
removal  of  boulders  as  often  as  they  are  reported  on  any  of  the  chains, 
and  for  this  purpose  and  for  others  it  seems  to  me  that  the  establish- 
ment of  a  government  dredge  would,  in  the  end,  be  found  economical. 

The  natural  surface  slope  on  this  chain  was  found  to  be  thirty-five 
hundredths  of  a  foot  upon  one  thousand  feet.  It  was  decided  to  chan- 
nel through  the  rock,-  making  the  "cut"  two  hundred  feet  wide,  and 
giving  the  bottom  a  slope  parallel  to  the  slope  of  ther  surface  of  the 
water.  By  giving  the  bottom  a  flatter  slope  tiian  this,  the  velocity  of 
the  current  over  the  main  portion  of  the  chain  would  have  been  lessened 
to  the  advantage  of  steamers  ascending  this  x)ortion ;  but  the  back-water 
produced  in  consequence  would  have  caused  a  heavier  fall  at  the  foot  of 
the  chain,  this  resulting  velocity  of  current  being  calculated  at  nearly 
eight  feet  per  second.  All  circumstances  considered,  it  was  thought 
that  by  simply  deepening  the  main  channel,  as  above  stated,  the  lK»t 
results  would  be  obtained. 

In  making  the  improvement  here,  as  upon  the  other  chains,  the  ob- 
iect  has  been  to  so  arrange  the  "  cuts''  as  to  i^reserve,  if  possible,  the 
existing  regimen  of  the  river  at  the  respective  points.  The  three  objects 
kept  steadily  in  view  have  been  to  get  the  line  of  least  cutting,  to  keep 
the  axis  of  the  "  cuf  in  the  direction  of  the  current  at  low  water,  and 
not  to  increase  the  velocity  materially. 

The  sides  of  the  channel  received  a  slope  of  one  upon  two. 

The  contraetors  at  first  limited  themselves  to  cutting  a  narrow  chan- 
nel throughout  the  length  of  the  area,  for  the  double  purpose  of  getting 
a  "  face,''  and  for  the  complete  drainage  of  the  inclosure.  The  drilling 
was  done  by  hand,  and  the  blasting  by  means  of  safety  fuse.  The  pro- 
portion of  rock  blasted  to  the  powder  used  was  one  yard  to  the  pound. 
The  excavated  rock  was  removed  to  the  stone  dam  at  the  head  of  Eock 
Island,  by  means  of  current  and  rope  ferries,  and  delivered  to  General 
Eodman  for  the  purpose  of  aiding  in  the  construction  of  the  dam  being 
built  by  the  Ordnance  Department. 

An  equivalent  of  26,000  yards  of  loose  rock  was  thus  delivered.  The 
work  continued  without  material  interruption  until  the  early  part  of 
November,  when,  in  consequence  of  heavy  rises  in  the  river,  the  dam  was 
flooded.  About  the  11th  of  December  the  pumping  was  again  com- 
menced and  the  dam  emptied;  but,  in  consequence  of  die  heavy  accumu- 
lation of  ice  at  the  head  of  the  dam,  and  the  destruction  by  ice  of  the 
bridge  connecting  the  island  with  the  dam,  but  little  could  be  done  to- 
ward removing  the  rest  of  the  rock  as  desired.  The  broken  rock  was, 
however,  removed  from  the  interior  of  the  dam  and  deposited  in  the 
river  near  the  south  side  of  the  dam,  to  be  dredged  up  the  following 
spring. 

In  April^  1869,  the  dredges  were  set  at  work  again,  and  the  loose  rock 
and  a  portion  of  the  coffer  removed.  The  chisel-boats  were  also  set  at 
work  to  break  up  the  patch  of  rock  at  the  head  of  the  chain,  which  had 
not  been  included  in  the  cofferdam.    By  the  last  of  June  this  work  was 
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nearly  accomplislied,  but,  in  consequence  of  extreme  high  water,  the 
boats  had  to  be  drawn  off  again. 

Total  quantity  of  rock  excavated  and  removed  from  this  chain  to  the 
30th  day  of  June,  1869,  was  16,958.41  solid  yards. 

Estimated  cost  of  the  coffer-dam,  $19,926  75;  the  average  cost  per 
lineal  foot  being  $7  50. 

The  filling  was  brought  in  flats  a  distance  of  two  and  a  half  miles. 

Bayf?  service  at  Moline  Chain. 

Building  dam : 

Superintendents 53 

Foremen 287 

Engineers  (steam) 47 

Laborers 1, 569 

Total 1,956 


The  men  employed  in  building  the  dam  were  skilled  workmen  and 
commanded  about  sixty  per  cent,  more  than  other  laborers. 

In  excavating  and  removing  rock: 

Days*  service; 

Superintendents 181 

Foremen : 1, 126 

JBngineers  (steam) 309 

Blacksmiths 269 

Carpenters 145 

Laborers,  (including  quarrymen,  drillers,  wheelers,  &c.) 16, 977 

Total 19, 007 


The  engineers  were  engaged  principally  in  running  the  puimps,  and 
the  carpenters  and  blacksmiths  in  repairing  tools. 

Becapitulation: 

"Dny^  service. 

Superintendents 234 

Foremen 1, 413 

Engineers 356 

Blacksmiths 269 

Carpenters 145 

Laborers,  (including  quarrymen,  drillers,  wheelers,  &c.) 18, 546 

Aggregate  for  this  chain 20, 963 

The  greatest  quantity  of  rock  removed  during  any  month  was  as 
follows : 

Cnbio  yards. 

In  October,  1868,  at  Moline  Chain 6, 299.27 

In  January,  1869,  at  Sycamore  Chain 10, 786 


^ 
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The  average  amount  of  rock  removed  and  excavated,  per  day,  for  each 
man,  was  one  yard. 

The  small  map  sent  herewith  will  show  the  extent  of  the  excavation. 

Early  in  the  summer  preparations  were  maile  for  excavating  a  channel 
through  Sycamore  Chain,  thirteen  miles  above  Davenport,  as  soon  as 
the  ste.ge  of  water  would  admit  of  operations. 

The  chain  had  been  thoroughly  examined  and  sounded  during  the 
summer  of  1867,  and  a  very  complete  hydrographic  chart  had  been  ob- 
tained. 

The  soundings  were  very  numerous,  about  26,000  having  been  made, 
by  the  method  explained  in  my  former  report,  reduced  to  low> water 
reference  and  platted. 

The  soundings  were  distributed  over  an  area  of  about  3,000  feet  by 
1,500  feet,  and  the  contour  lines  of  the  bottom  very  accurately  deline- 
ated, enabling  a  close  estimate  of  the  amount  of  rock  to  be  excavated, 
to  be  made. 

This  survey  was  afterward  verified  by  a  minute  survey  of  the  bottom, 
after  it  had  been  laid  bare,  and  it  was  found  to  tally  very  closely. 

The  chain  is  2,700  feet  in  length,  with  a  surface  slope  of  2  to  76,  and 
a  surface  current  varying  from  6.5  feet  per  second  to  3.5  feet  per  second. 

The  water  had  worn  for  itself  a  very  irregular  channel  through  the 
rock,  its  axis  forming  a  sort  of  long  "8.^  The  main  channel  was  inter- 
sected by  several  smaller  channels  and  chutes,  the  water  rushing 
through  the  latter  with  considerable  velocity ;  the  effect  of  which,  con- 
jointly with  the  current  of  the  main  channel,  was  to  carry  vessels  out 
of  their  course,  and  either  force  them  against  the  sharp,  projecting 
rock  on  either  side  of  the  channel,  or  to  force  them  into  the  small 
chutes,  where  they  frequently  remained  for  days,  if  not  totally  wrecked. 
During  seasons  of  high  water,  no  difficulty  had  been  experienced  at 
this  chain,  or  in  fact  at  any  of  the  chains,  other  than  the  difficulty  of 
stemming  the  current,  there  being  then  plenty  of  water  for  the  passage 
of  the  largest  steamers  on  the  Upper  Mississippi  River.  During  the  sea- 
son of  low  water,  the  passage  of  boats  at  Sycamore  Chain  had  always 
been  attended  with  danger,  and  at  the  lowest  stages  of  water  its  pas- 
sage was  impossible. 

About  six  hundred  feet  below  the  head  of  the  chain,  the  rock  rose 
abruptly  from  the  bottom,  forming  a  sort  of  bridge,  connecting  the 
walls  of  rock  on  each  side  of  the  channel,  over  which,  at  lowest  water, 
there  was  scarcely  a  foot  depth. 

Below  this  there  was  a  small  whirlpool  or  "boil,''  as  it  was  called  by 
boatmen,  caused  by  the  water  rising  over  this  bridge,  as  in  the  case  of 
a  submerged  dam. 

The  width  of  the  natural  channel  over  this  bridge  at  low  water  being 
not  more  than  thirty  feet,  and  occuning  at  the  head  of  the  channel, 
it  is  a  matter  of  wonder  how  boats  had  ever  managed  to  get  over  it  even 
at  middle  stages  of  the  river. 

In  flEfcct,  an  examination  of  the  bottom  showed  many  points  and 
patches  of  rock  polished  to  a  marble  smoothness  by  the  keels  of  boats. 

Below  the  bridge  the  channel  gradually  increased  in  width,  not,  how- 
ever, exceeding  one  hundred  and  eighty  feet,  until  at  the  lower  end  it 
abruptly  narrowed,  with  an  increase  of  surface  velocity. 

Immediately  above  and  below  the  chain  was  deep  water. 

Early  in  July  the  contractors  comnfenced  the  delivery  of  Inmber  and 
iron,  nails,  spikes,  &c.,  for  the  construction  of  the  dam,  which,  after  a 
dose  examination  of  the  bottom  of  the  chain,  was  calculated  to  inclose 
the  entire  portion  of  the  chain  on  the  Illinois  side  of  the  river,  com- 

16 
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mencing  at  the  head,  and  jatting  oat  from  the  Illmois  shore  into  the 
river  ahout  1,100  feet,  thence  down  stream  aboat  2,600  feet,  and  thence 
to  the  shore  again.  It  was  a  matter  of  doubt  at  first,  in  such  a  current, 
and  with  an  irregular  bottom,  the  rock  bordering  the  channel  and 
chutes,  in  many  cases  shelving  under,  whether  the  £im  could  be  carried 
across  the  chutes  and  main  channel,  in  from  sixteen  to  eighteen  feet  of 
water. 

However,  there  was  no  alternative ;  the  chain  had  to  be  inclosed  by 
a  coffer-dam,  there  being  no  other  way  of  reaching  and  working  the 
rock. 

By  the  8th  of  August  the  materials  had  all  been  delivered^  dredges, 
steamers,  flats,  &c.,  were  on  hand,  and  the  coffer-dam  was  commenced. 
The  puddliDg  was  raised  by  the  dredges,  from  the  mouths  of  small 
streams,  sloughs,  &c.,  and  was  conveyed  in  flats  to  the  place  of  deposit. 
Most  of  the  puddling  was  brought  from  points  a  mile  distant,  and  over ; 
none  of  it  being  brought  less  than  three-fourths  of  a  mile. 

The  construction  of  the  dam  was  preceded  by  the  erection  of  a  break- 
water, a  few  feet  above  its  head  line,  which  was  built  parallel  to  the 
dam,  and  generally  about  150  feet  in  advance  of  it.  Its  purpose,  as  in 
the  case  of  the  dams  at  Moline  and  Duck  Greek  Chains,  was  to  protect 
the  work  from  injury,  and  to  give  still  water  below  it,  to  render  the  mov- 
ing of  boats  and  rafts  of  lumber  easier. 

The  line  of  cribs  and  breakwater  extended  down  stream  about  two- 
thirds  the  length  of  the  dam,  and  four-fifths  along  its  head. 

By  the  middle  of  September  the  head  line  had  been  extended  1,097 
feet  from  the  Illinois  shore,  and  turned  down  stream. 

It  was  then  extended  down  stream  2,062  feet,  and  then  turned  in 
shore  for  661  feet,  the  whole  being  finished  by  the  14th  of  November. 

In  filling  the  last  100  feet,  this  portion  of  the  dam  careened  outwaixl, 
owing  to  the  puddling  having  been  thrown  in  too  much  on  one  side. 
This  was  soon  righted  again,  and  toward  the  end  of  November  the 
entire  dam  was  closed,  and  the  weak  points  strengthened  by  loose  stone 
and  timber  braces  on  the  inside,  and  by  embankments  of  loose  eatth  on 
the  outside.  Two  centrifugal  pumps,  one  of  12-inch  pipe,  and  the  other 
of  9-inch  pipe,  were  j)laced  at  the  lower  end,  preparatory  to  clearing  the 
area  of  water. 

The  rise  in  the  river  precluded  any  attempt  at  pumping,  until  the 
12th  of  December,  when  both  pumps  were  set  in  operation.  The  dis- 
charge of  the  larger  one  averaged  522  cubic  feet  per  minute ;  that  of  the 
smaller  480  cubic  feet.  The  engines  were  of  25  and  12  horse-power,  re- 
spectively. By  the  26th  the  rock  bottom  was  sufliciently  exposed  to 
enable  its  character  to  be  determined.  The  rock  is  magnesian  limestone, 
variable  in  ^structure  and  hardness,  and  dipping  15^  to  the  northeast, 
and  stratified. 

The  ice,  which  was  over  a  foot  in  thickness,  settled  with  the  water, 
as  the  latter  was  pumped  out,  until  it  rested  upon  the  solid  i-ock 
bottom. 

The  work  of  stripping  the  ice  commenced,  and  in  a  few  days  wa«  suf- 
ficiently advanced  to  enable  a  survey  of  the  bottom  to  be  undertaken. 
The  survey  was  very  carefully  made,  and  compared  favorably  with  the  pre- 
vious surveys.  Base  lines,  triangulated  from  the  primary  bases,  on  the 
Iowa  shore,  were  laid  out  on  the  ice,  and  the  curves  of  excavation  pre- 
viously decided  upon  in  the  offlcej  laid  out,  by  means  of  calculated  or- 
dinates  and  abscissas. 

The  natural  channel  was  of  itself  upon  an  easy  curve,  except  at  one 
or  two  points,  (see  sketch  and  tracing,)  and  it  was  founa,  after  calcular 
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tion  and  compariaou  of  various  routes,  to  be  more  economical  and  to 
subserve  the  object  in  view  better  to  deepen  and  widen  this  channel  so 
as  to  render  the  curve  easier,  and  at  the  same  time  to  follow  the  line  of 
the  old  channel  as  nearly  as  possible. 

The  essential  curve  of  this  new  channel  would  not,  by  this  plan,  be 
more  than  one  degree.  Assuming  that  the  fall  of  the  surface  of  water 
would  be  the  same  after  excavation  of  the  channel  as  before,  a  curve 
would  offer  an  advantage  over  a  straight  "cuf  by  giving  a  longer  base 
to  the  same  head  of  water^  and  thus  would  lessen  the  surface  velocity. 
Moreover,  the  advantage  of  this  line  over  any  other,  in  the  matter  of  econ- 
omy, (it  being  cheaper  by  at  least  $100,000,)  was  so  decided  that  the 
preference  hardly  admitted  of  an  argument. 

The  bottom  of  the  "  cut  ^  was  to  have  the  same  slope  as  the  surface  of  the 
water,  and  the  sides  a  slope  of  one-half.  The  work,  from  its  importance 
and  extent,  and  its  bearing  upon  the  interests  of  navigation,  attracted 
particular  attention  throughout  this  section  of  the  country,  and  the 
season  of  navigation  being  over,  river  men  had  ample  time  to  visit  the 
work  and  examine  into  its  details,  and  see  what  they  had  been  running 
over  for  years.  The  majority  of  them  seemed  to  comprehend  and  be 
satisfied  with  the  work  which  was  to  benefit  them,  but  a  few,  exercising 
their  talents  and  undoubted  prerogatives,  took  every  occasion  to  find 
fault  with  it,  and  finally  circulated  a  petition  to  be  forwarded  to  Wash- 
ington, praying  for  a  change  of  line ;  to  make  the  excavation  upon  a 
straight  line  instead  of  a  curve,  the  only  effect  of  which  was  to  force  me 
to  make  some  additional  examinations  above  and  below  the  chain,  prov- 
ing w^hat  had  already  been  proven  before,  viz.,  that  the  line  decided 
upon  in  your  office  was  the  most  economical,  as  well  as  the  best  in  every 
sense.  The  only  benefit  which  could  have  resulted  from  this  desired 
change  would  have  accrued  to  the  contractors,  who  doubtless  would 
not  have  been  dissatisfied  with  it,  although  I  have  been  assured  that 
they  had  no  participation  in  the  movement. 

Most  of  the  river  pilots  are  men  x)ossessed  of  but  little  knowledge 
beyond  that  required  in  turning  the  wheel,  and  their  obstinacy  in  refus- 
ing to  recognize  and  take  advantage  of  good  channels  cut  for  them  has 
been  the  experience  of  more  than  one  engineer  engaged  in  improving 
rivers.  The  rapids  pilots  in  particular,  who  may  lose  employment  by 
the  improvement,  seemed  to  be  the  most  hostile. 

The  work  upon  this  chain  had  been^  until  this  time,  under  the  imme- 
diate charge  of  Mr.  A.  Livermore,  civil  engineer  and  assistant.  Mr. 
Livermore  was  relieved  toward  the  close  of  December,  and  I  transferred 
its  immediate  superintendence  to  Lieutenant  Hoffman,  who  remained 
upon  the  work  until  its  completion  in  February. 

The  contractors  commenced  the  work  of  excavation  about  the  27th  of 
December,  and  continued  it  without  any  delay  until  the  12th  of  Feb- 
ruary, when  water  was  let  into  the  dam.  The  average  number  of  men 
employed  daily  during  the  month  of  January,  was  four  hundred  and  fifty. 

The  total  excavation  from  the  area  within  the  dain  was  15,804.05  solid 
yards.  The  develoi)ment  of  the  dam  was  about  four  thousand  six  hun- 
dred linear  feet;  dLore  line  of  dam  two  thousand  four  hundred  linear 
feet  additional. 

Average  cross  section  ten  feet  by  ten  feet.  Area  inclosed  by  the  dam 
about  Ibrty-flve  acres,  or  1,844,000  square  feet.  Cost  of  dam.  including 
value  of  floating  property  employed  in  its  construction,  f  98,126  84. 
Average  cost  per  running  foot,  $21  30.  Cost  of  rock  excavation,  (exclu- 
sive of  dam,)  $56,077.  Total  cost  to  contractors  of  excavation,  includ- 
ing building  dam,  dredging  it  up,  and  removing  cribs,  and  allowing  for 
depreciation  of  floating  property,  $144,365  84, 
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Farce  employed  at  Sycamore  Chain^  reduced  to  dayiP  service. 
In  building  dam  and  preparing  it  for  the  work  of  excavation : 

Superintendents 270 

Foremen 623 

Engineers  (steam) 275 

Blacksmiths 166 

Carpenters 306 

Laborers 5, 790 

Total ,6,430 

In  stripping  ice,  preparatory  to  excavating : 

Dftjs*  serviee. 

Superintendents 12 

Foremen 38 

Engineers *. 24 

Blacksmiths 12 

Carpenters 7 

Laborers 1, 099 

Total    1,192 

The  engineers  were  employed  in  running  the  pumps  to  keep  the  area 
clear  of  water;  blacksmittis  in  sharpening  tools;  carpenters  in  repairing 
tools,  &c.  The  ice  was  stripped  from  the  rock-b^,  as  shown  in  my 
report. 

In  excavating  rock: 

Days'  servlco. 

Superintendents 66 

Foremen 432 

Engineers 133 

Blacksmiths \.. 124 

Carpenters 87 

•Teams  and  teamsters 259 

Laborers,  quarrymen,  wheelers,  &c 13, 597 

Total 14, 697 

Upon  the  entire  work,  then,  including  building  dams,  stripping  ice, 
and  excavating  rock,  we  have — 

Days' aervioe. 

Superintendents - 348 

Foremen 1, 093 

Engineers 431 

Blacksmiths 302 

Carpenters 400 

Teams  and  teamsters 259 

Laborers,  quarrymen,  wheelers,  &c 19, 486 

Of  all  kinds 22. 319 


BEPOBT   OF  CHIEF  OF  ENGINEEBS.  245 

700,000  feet  (board  zDeasore)  of  lumber  used  in  construction ; 

3,800  yards  of  stone  for  cribs; 

14,000  yards  of  puddling,  of  which  750  flat-boat  loads  were  brought 
from  distances  averaging  one  mile. 

The  remainder  of  the  filling  was  wheeled  from  the  shore,  and  used 
simply  to  give  additional  weight  to  the  structure,  llie  original  inten- 
tion had  been  to  extend  the  dam  three  hundred  feet  further  down,  but 
as  the  contractors  fe^ired  that  they  would  be  unable  to  close  it  before 
the  advent  of  extreme  cold  weather,  if  they  were  forced  to  go  this  dis- 
tance, and  as  they  then  had  a  great  deal  of  risk  upon  their  hands,  I  was 
willing  to  permit  them  to  leave  it  over  for  the  present  season,  upon  their 
assurance  that  they  would  put  in  another  dam  below,  and  resting  upon 
the  large  one,  as  soon  as  the  work  could  be  resumed  in  the  spring. 

This  new  dam  was  commenced  in  the  March  following,  and  Wished 
in  April,  but,  on  account  of  the  spring  rise,  it  could  not  be  pumped  out 
before  the  ^nlj  part  of  June,  when  the  river  lowered  suflftciently  to 
enable  them  to  do  so  with  safety. 

About  four  hundred  yards  of  rock  w6re  taken  out  of  this  inclosure, 
when,  the  river  Arising  again,  work  had  to  be  temporarily  suspended. 

Day^  service  in  building  small  dam  at  Sycamore  Ohainj  putting  up  pumps 

and  preparing  it  for  theworJc  qf  excavation. 

Days'  aeryloe. 

Superintendents 77 

Foremen 77 

Engineers  (steam) 55 

Blacksmiths •    77 

Carpenters - 77 

Laborers 526 

Total 898 

and  one  steamer,  one  dredge,  and  two  flats. 

Six  da/ys^  worTc  in  excavating  rock  from  the  area^  up  to  and  including  June 

30. 1869. 

Days'  service. 

Superintendent 6 

Foremen 24 

Engineers  (steam) 12 

Blacksmiths 7 

Carpenters 6 

Laborers 370 

Total 425 

BEOAPITULATION. 

Days'  service. 

Sui>erintendents 83 

Foremen 101 

Engineers 77 

Blacksmiths 84 

'Carpenters 83 

Laborers 896 

Aggregate  of  work  on  small  dam 1, 323 
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Total  amount  of  rock  excavated  from  the  bed  of  the  river  to  date. 

Days'  ftervioe. 

AtMoliue  Chain 16,958.41 

At  Duck  Creek 9, 982. 30 

At  Sycamore  Chain 16,204.06 

In  all 43, 144.  76 


Grand  aggregate  of  all  hands  employed  in  Ifuilding  dams^  chiselUngj  dredging, 
blasting^  quarrying^  and  wlieelingfor  the  year  ending  June  30, 1869. 

Cubic  yards, 

Moline  Chain .' : 20, 963 

Duck  Creek  Chain , 2, 112 

Sycamore  Chain * 23, 642 

Grand  total : 46,717 


The  improvement  of  the  channel  through  Campbell's  Chain  was  con- 
templated this  season,  but  in  consequence  of  there  being  three  works 
already  in  progress,  and  the  probability  that  the  construction  of  the 
necessary  coflfer-work  would  be  carried  into  the  winter,  thus  endanger- 
ing its  safety,  and  the  lack  of  necessary  funds  to  push  the  work  as 
desired,  it  was  abandoned  for  the  season.  From  the  nature  of  the  rock 
bottom  upon  the  various  chains,  their  diversity  of  shape^  the  composi- 
tion, dip,  and  stratificc^on  of  the  rock  blasting,  to  a  theoretical  plane 
has  been  very  difficult  of  attainment. 

The  proportionate  charges  of  powder  found  by  experience  upon  one 
chain  to  be  correct,  could  not  be  relied  upon  for  another. 

The  blasts  threw  off  more  or  less  from  each  particular  point  than  was 
actually  necessary  or  desirable,  in  order  to  give  the  depth  sought,  viz : 
four  feet  at  lowest  water^  the  depth  required  at  all  the  chains. 

Take  the  case  of  a  horizontal  stratum  two  feet  in  thickness,  and  sup- 
pose that  a  depth  of  one  foot  and  eight  inches  below  its  upper  surface  is 
to  be  reached.  The  drill^  for  precaution,  penetrates  only  to  one  or  two 
inches  of  the  depth  required ;  the  blast  will  throw  out  the  rock  to  the 
depth  of  its  bed,  and  the  entire  stratum  must  be  taken  out. 

In  cases  where  the  rock  has  a  decided  dip,  the  drill  must  penetrate  to 
the  depth  of  the  theoretical  plane  of  excavation,  and  the  effect  of  the 
blast  is  to  throw  out  a  large  prism  of  rock  below  the  theoretical  plane, 
and  to  leave  in  a  prism  above  it  which  must  be  drilled  and  blasted  again, 
repeating  the  error,  if  it  may  be  called  so.  The  extra  rock  thus  thrown 
out  by  the  blasts  must  necessarily  be  removed,  unless  it  chances  to  bo 
broken  into  small  fragments,  when  it  may  be  left  where  it  falls,  provided 
its  surface  is  not  above  the  plane  of  the  bottom  establidied.  This  is 
seldom  the  case,  however,  and  the  masses  must  be  broken  by  sledges 
into  pieces  suitable  for  handling,  and  then  either  wheeled  away,  or  drawn 
by  means  of  stone  boats.  In  either  case  expense  occurs  in  the  handling 
of  it,  and  as  this  is  something  that  is  unavoidable,  the  contraetors 
claimed  compensation  for  it.  In  working  the  chain  at  Duck  Creek  and 
Moline,  notwithstanding  the  great  irregularity  of  the  bottom  of  the 
former,  the  proportion  of  over-excavation  to  the  desired  excavation  was 
very  small;  at  Moline  Chain  it  was  five  per  cent,  of  nearly  17,000  yards, 
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showing  not  only  faithfdl  work  npon  the  part  of  the  contractors,  but 
also  faithfulness  upon  the  part  of  my  assistants  in  keeping  the  excavation 
80  close  to  the  original  estimates.  Work  of  this  nature  cannot  be  car- 
ried on  over  such  large  areas,  and  the  excavation  kept  to  close  limits, 
unless  the  hammer  and  chisel  are  used,  which  of  course  is  out  of  the 
question.  A  close  examination  of  the  bottom,  as  shown  at  Sycamore 
Chain,  its  great  irregularity  of  surface,  and  the  dip  of  the  strata,  con- 
yincea  me  that  it  would  be  impossible,  by  the  closest  attention  to  blast- 
ing, to  prevent  over  excavation.  I  desired  Colonel  Ulffers,  civil  engineer 
and  assistant,  who  is  a  professional  geologist,  to  take  a  geological  survey, 
and  to  report  what  in  his  opinion  would  1^  the  necessary  amount  of  over- 
excavation  in  getting  out  the  estimated  quantity  of  rock. 

He  reported  an  average  extra  depth  of  sixty-six  hundredths  of  a  foot, 
which,  multiplied  by  the  area  worked  over,  would  give  nearly  5^000 
yards  additional.  There  had  always  been  a  tacit  understanding,  n*om 
the  time  the  work  was  commenced,  tbat  the  necessary  extra  excavation 
would  be  considered  in  your  office,  leaving  the  question  of  comx)enRation 
open,  to  be  decided  by  superior  authority.  The  surveys  at  the  conclu- 
sion of  the  work  at  Sycamore  Chain  showed  that  the  average  depth  to 
which  the  blasts  had  been  carried  below  the  theoretical  plane  was  0.926 
feet,  but  as  a  large  proportion  of  this  broken  rock  was  leit  in,  and  spread 
over  the  area  in  small  fragments,  it  could  not  all  be  taken  into  consider- 
ation. The  quantity  of  solid  rock  actually  removed  below  bottom  of 
excavation  was  3,533.25  yards,  and  the  actual  cost  per  yard  to  the  con- 
tractors for  this  portion  was  estimated,  from  the  best  information  in  the 
possession  of  this  office,  to  be  $8  79. 

The  contractors  claimed  payment  for  this  at  contract  prices,  viz: 
$13  per  yard,  basing  their  claims  upon  the  text  of  the  contract  of 
June  28, 1867,  drawn  up  before  I  was  connected  with  the  work. 

It  says :  •  •  •  «  That  the  said  parties  of  the  second  part 
shall  furnish  all  the  boats,  machinery,  and  materials  of  every  sort  re- 
quired, which  shall  be  of  good  and  sound  quality,  and  perform  all  the 
labor  necessary  to  excavate  and  remove  from  the  bottom  of  the  Mis- 
sissippi Eiver,  at  such  place  or  places  on  the  upx>er  or  Bock  Island 
Eapids  of  the  Mississippi  River  as  may  be  designated  by  the  engineer 
in  charge  of  the  work,  all  rock  or  other  material  necessary  to  make  a 
continuous  channel  through  said  rapids.''        •        •        •        •        • 

Further  on  it  says  that  the  channel  shall  not  be  less  than  four  feet 
deep  in  the  lowest  stages  of  the  river. 

The  claim  turned  upon  the  word  "necessary;"  the  contractors  con- 
tending that  as  the  rock  was  necessarily  removed  in  order  to  give  the 
channel  required,  and  that  as  the  depth  to  which  they  blasted  was  un- 
avoidable in  order  to  give  even  a  less  depth  of  channel,  they  were 
entitled  to  full  price  per  yard.  They  also  referred  to  the  paragraph  in 
Colonel  Hains's  report  of  the  survey  of  the  rapids  in  1866,  and  the  ac- 
companying estimate  of  quantities  to  be  removed,  in  which  the  words 
occur :  •  •  •  •  "It  may  appear  at  the  first  glance  that 
the  percentage  I  have  added  for  contingencies  in  excavating  is  rather 
large,  but  after  a  careful  consideration  I  can  only  say  that  I  am  con- 
vinced it  is  not. 

"Experience  has  taught  us  that  in  excavating  rock  at  the  lower 
rapids,  the  cost  is  materially  increased  by  the  more  or  less  favorable 
seasons  for  working,  and,  moreover,  the  rock  being  in  strata  of  various 
thicknesses,  if,  in  d.eepening  a  part  to  four  feet,  we  should  come  to  a 
stratum  two  feet  thick,  the  entire  stratum  must  be  taken  out." 
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I  have  made  this  extract  as  it  seems  necessary  to  a  full  discussion  of 
the  subject. 

The  evident  meaning  is  that  if  the  upper  surface  of  the  stratum  should 
be  a  few  inches  above  the  required  depth,  and  the  remainder  of  the 
stratum  below,  the  whole  must  be  taken  out.  I  think  the  report  has 
been  misprinted,  and  that  it  should  read :  ^'  If  in  deepening  a  part  two 
feet  we  should  come  to  a  stratum  four  feet  thick,  the  entire  stratum 
must  be  taken  out."  Still  the  meaning  is  evidently  the  same  in  both. 
As  soon  as  the  estimates  of  work  done  were  made  I  submitted  the  ques- 
tion with  a  statement  to  your  office.  By  you  it  was  submitted  to  the 
department,  and  then  to  the  Secretary  of  War,  and  returned  with  the 
approval  of  your  recommendation  to  pay  to  the  contractors  the  cost  to 
them  of  removing  the  rock.  I  have  not  inserted  any  of  the  correspond- 
ence or  figures,  afi  you  have  them  in  your  office. 

The  field  work  during  the  season  has  been  extensive,  consisting  in. 
the  observations  of  curi'ents,  locating  buoys  for  the  erection  of  dams, 
triangulating  and  establishing  base  lines  for  laying  out  lines  of  excava- 
tion, dams,  &c.,  and  in  taking  additional  topography  of  the  country 
bordering  the  rapids. 

Additional  soundings  have  also  been  made  upon  the  i>ortion  of  Duck 
Creek  Chain  worked  over  by  the  chisel  boats,  the  soundings  reduced^ 
and  new  maps  made,  showing  the  condition  of  the  chain  at  that  time,  in 
aU  about  six  thousand  soundings.  St.  Louis  Chain  was  also  thoroughly 
sounded  in  November,  by  means  of  a  steamer  and  attached  skiffs,  and 
twelve  thousand  soundings  taken,  reduced,  and  platted.  About  five 
thousand  soundings  were  also  made  in  January,  upon  the  portion  of  the 
river  immediately  above  the  coffer-dam  at  Sycamore  Chain,  and  added 
to  the  charts  of  that  chain. 

The  maps  finished  in  the  office  have  comprised  sounding  and  contour 
maps  of  the  different  chains,  a  general  map  of  the  rapids,  small  reduced 
maps  of  the  chains,  and  working  sheets  and  sketches. 

The  draughting  has  been  mainly  done  by  assistants  C.  J.  Pauli  and  J. 
H.  Harlow. 

Water  gauges  have  been  established  at  convenient  points,  and  their 
daily  readings  recorded. 

The  summer,  fall,  and  winter  were  generally  favorable  for  work,  but 
this  spring  has  been  the  reverse,  heavy  rains  and  high  water  prevailing. 

The  proportions  of  powder  used  to  rock  blasted  have  been  as  follows : 

At  Duck  Creek  Chain,  seven-thirteenths  pounds  of  powder  to  one  yard 
of  rock. 

At  Moline  Chain,  one  pound  of  powder  to  one  yard  of  rock. 

At  Sycamore  Chain,  two  pounds  of  powder  to  one  yard  of  rock. 

The  excess  of  powder  at  this  latter  chain  is  in  part  due  to  the  work 
having  been  done  in  the  winter,  the  broken  rock  being  frequently  frozen 
together  during  the  night,  and  the  conglomerate  mass  having  to  be 
blasted  again  in  the  morning. 

The  method  of  constructing  and  putting  in  the  dams  has  been  the 
same  as  described  in  my  last  report,  viz :  First,  a  line  of  cribs  sunk  above 
the  head  line  of  the  dam  and  connected  with  each  other  by  heavy  tim- 
bers, against  which  planks  were  rested  on  the. up-stream  side,  their  lower 
ends  abutting  against  the  bottom  of  the  river.  The  planks  were  as  close 
together  as  possible,  and  inclined  at  an  angle  of  about  forty-five  degrees 
with  the  horizontal.  A  breakwater  was  thus  formed,  which,  being 
extended  some  distance  beyond  either  end  of  the  head  line  of  the  coffer, 
gave  comparatively  still  water  below  it. 


BEPOBT  OF  CHIEF   OF  ENOINIUSBS.  •  249 

The  dam  was  then  put  in.  The  accompanying  sketch  will  explain  its 
construction. 

The  sheeting  planks  were  chamfered  at  the  lower  end  almost  to  the 
iineuess  of  a  pine  shingle,  and  driven  against  the  rock  by  blows  of 
a  mallet.  The  wood  conforming  to  the  shape  of  the  bottom  gave  a 
water-tight  joint.  Tie-rods,  of  flat  wrought  iron,  one  and  one-half  inch 
by  one-half  inch,  connected  the  upper  and  lower  longitudinal  pieces, 
both  at  the  joints  and  midway  between  them.  The  string-pieces  were 
generally  of  scantling,  six  by  eight  inches,  and  placed  so  that  the  dimen- 
sion ^'six  inches"  should  be  vertical;  two-inch  plank  were  used  for  scant- 
ling. 

The  scantling  used  were  generally  insufficient  in  cross-section,  and 
frequently  broke  between  the  tie-rods  from  the  thrust  of  the  filling. 

In  this,  as  in  the  general  thickness  of  the  dam,  the  contractors  did  not 
display  the  best  of  judgment.  They  generally  made  the  cross-section  of 
the  dam  ^^foot  for  foot,"  that  is,  one  foot  in  thickness  for  one  foot  depth 
of  water.  This  would  not  have  been  objectionable  had  they  simply 
included  the  puddling  in  the  thickness ;  but,  on  the  contrary,  they  counted 
the  thickness  from  "out  to  out,"  including,  of  course,  the  string-pieces 
and  the  sheeting  plank.  For  depths  under  ten  feet  tne  strength  of  the 
dam  was  generally  sufficient  without  bracing,  but  for  depths  over  ten 
feet  bracing  occasionally  failed.  In  running  through  depths  of  fifteen  to 
sixteen  feet,  they  were  apt  to  keep  the  thickness  of  fillmg  too  low  from 
mistaken  notions  of  economy. 

After  several  severe  losses  they  finally  concluded  to  adopt  a  rule  for 
thickness  compared  with  depth. 

The  rule  given  by  Professor  Mahan  is  easily  followed,  and  where  it 
has  been  observed  in  the  construction  of  these  coffer-dams,  no  disaster 
has  occurred. 

For  filling,  fine  gravel,  with  a  very  small  proiK>rtion  of  loam,  has  given 
the  best  results. 

Gravel  has  one  disadvantage  to  the  strength  of  the  dam  itself— -that 
of  spreading  like  sand,  or,  as  we  say  of  water,  "it  seeks  its  level."  The 
lower  tie-r<xls  and  the  washers  have  frequently  been  broken  by  the 
thrust  of  the  filling  as  the  water  was  pumped  from  the  dam.  Aside  from 
this,  the  gravel,  when  fine  and  mixed  with  a  small  proportion  of  loam, 
makes  the  best  filling  of  any  used  on  these  works.  Unlike  clay,  if  a 
leak  occurs  at  any  point  within  the  body  of  the  filling,  or  a  small  portion 
of  it  is  washed  out,  the  mass  gradually  settles  and  fills  up  the  voids. 
Experience  taught  that  the  pumping  should  proceed  slowly,  in  order 
that  the  filling  might  not  settle  too  suddenly. 

The  leakage  through  the  dams  built  and  filled  in  this  way  was  very 
slight,  the  pumps  only  working  at  times  after  once  getting  the  water  out. 
The  line  of  cribs  at  Sycamore  Chain  served  a  double  purpose.  Put  in, 
at  first,  to  give  partial  slack  water  below  them  and  to  act  as  a  breakwater, 
they  were  utilized  also  in  relieving  the  section  of  the  coffer-dam,  before 
they  were  thoroughly  puddled  and  strengthened,  from  a  portion  erf  the 
pressure  due  to  the  head  of  water.  The  cribs  were  from  three  to  six  feet 
apart,  and  from  fifteen  to  twenty  feet  from  the  dam,  and  in  a  line  par- 
allel to  it.  (See  Figure  3,  sheet  No.  7.)  As  the  dam  was  advanced,  the 
head  of  water  increased,  owing  to  the  contraction  of  the  stream.  The 
cribs  were  connected  by  timbers  and  planks  spiked  or  rested  upon  them, 
the  ends  of  the  planks  against  the  bottom  of  the  river.  As  fast  as  a 
section  of  convenient  length  was  thoroughly  filled,  a  sort  of  plank  dam 
was  constructed  (as  shown  in  Figure  2,  sheet  No.  7)  at  its  lower  end. 
The  surface  of  the  water  then  above  this  latter  dam  and  confined  between 
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the  coffer  and  the  cribs,  and  planking  being  carried  on  ahead  of  the  next 
section  of  the  coffer,  relieved  the  latter,  during  the  process  of  its  con- 
struction, of  the  weight  of  the  prism  of  water,  whose  base  was  equal  to 
the  difference  of  level  of  the  water  irom  the  head  of  the  first  reach  to 
the  foot  of  the  section.  Figure  1  explains  itself;  the  red  line  is  the 
slope  of  the  water  surface,  commencing  at  the  h^d  of  the  dam.  The 
blue  shows  the  horizontal  surface  of  the  water  in  each  reach.  The  first 
section  bears  an  additional  pressure  owing  to  the  water  flowing  around 
the  head  of  the  dam;  the  highest  point  of  the  surface  of  the  backed-up 
water  being  near  the  junction  of  the  dam  with  the  shore. 

This  section  of  the  dam  was  built  much  stronger  than  the  others. 
The  next  section  is  relieved  from  the  prism  between  the  blue  and  the  red 
line.  So  with  the  next  section,  C,  D,  &c.  After  the  sections  were  con- 
structed it  was  immaterial  whether  they  were  relieved  of  the  pressure 
of  the  prism  or  not. 

I  inclose  herewith  the  following  sketches  and  tracings  explanatory  of 
the  work  done: 

One  small  general  map  of  the  Bapids. 

One  special  sketch  of  Moline  Chain. 

One  special  sketch  of  Sycamore  Chain. 

One  special  sketch  of  Duck  Creek  Chain. 

One  sketch  showing  plan,  section,  and  elevation  of  coffer-dam  for 
twelve  feet  of  water. 

One  sketch  showing  the  appearance  of  the  coffer-dam  aud  excavated 
channel  at  Sycamore  Chain  on  the  12th  of  February. 

One  sheet  showing  process  of  putting  in  side  line  of  dam  at  Sycamore 
Chain. 

One  large  tracing  showing  coffer-dam  and  line  of  excavation  at  Syca- 
more Chain. 

One  large  tracing,  showing  cross-profiles  of  bottom  of  Sycamore 
Chain.  , 

One  large  tracing  showing  coffer-dam  and  line  excavated  aC  Moline 
Chain ;  also  some  photographs  of  work  at  Moline  Chain. 

It  is  proposed  during  the  ensuing  season  to  complete  the  small  portion 
of  work  to  be  done  at  Sycamore  Chain  and  to  remove  the  dams  and 
debris.  Also  to  complete  the  removal  of  rock  at  the  head  of  Moline 
Chain  by  mieans  of  the  chisels  and  dredges;  to  remove  a  small  piece  of 
rock  at  the  lower  end  of  the  chain,  making  the  channel  navigable  at  low 
water,  but  not  completing  it,  and  to  remove  the  dam  itself;  also  to 
begin  and  complete  the  excavation  of  the  channel  through  Campbell's 
Chain  about  eight  miles  above  this  place. 

The  contractors  have  commenced  getting  out  the  lumber  and  iron 
for  the  dam  to  be  put  in  at  this  chain,  and,  as  soon  as  the  river  lowers 
sufi&ciently  to  admit  of  it,  the  dam  will  be  laid  out.  The  excavation 
here,  it  is  estimated,  will  amount  to  about  nine  thousand  yards,  and  the 
dam  will  inclose  about  one  million  three  hundred  thousand  square  feet, 
the  upper  and  lower  face  jutting  out  from  Campbell's  island  into  the 
stream,  the  shore  forming  one  side  of  the  inclosure. 

The  entire  stretch  of  river  between  here  and  Le  Claire  (excluding  the 
chains  already  sounded)  will  be  thoroughly  sounded  and  examined 
during  the  coming  season. 

The  knowledge  we  now  possess  of  the  stretches  of  water  between  the 
chains  is  much  too  limited,  and  it  is  very  desirable  to  know  more  of 
the  nature  of  the  channel. 

The  importance  of  complete  and  accurate  soundings  in  this  kind  of 
work  cannot  be  over-estimated.    Even  after  the  bottom  has  been  laid 
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bare,  the  channel  excavated,  and  the  dams  removed,  it  is  necessary  to 
again  examine  the  channel  before  the  work  can  be  accepted,  to  detect 
the  presence  of  any  rock  which  is  liable  to  be  thrown  in  firom  the  cribs, 
or  the  coffer-dams  themselves,  as  they  are  dredged  np.  A  very  small 
portion  of  rock  thus  thrown  in  would  render  the  channel  dangerous. 
Were  the  bottom  through  which  we  cut  of  sand  or  mud^  these  extreme 
precautions  would  not  be  necessary. 

I  called  your  attention  some  time  ago  to  the  electro-magnetic  and  self- 
recording  sounding  machine,  invented  in  this  office  by  Lieut.  E.  F.  Hoff- 
man. I  was  so  well  assured  of  its  ultimate  success,  and  great  economy 
as  compared  with  the  other  methods  of  sounding,  as  well  as  its  greater 
accuracy,  that  I  recommended  its  use,  and  received  your  permission  to 
construct  one.  The  machine  is  now  nearly  ready,  and  will  be  used  in 
making  the  examinations  this  season. 

After  the  channels  through  Moline,  Duck  Greek^  Campbell's,  and 
Sycamore  Chains  are  excavated  completely,  the  improvement  will  be  felt 
and  appreciated.  It  is  expected  that  this  will  be  done  the  coming  sea- 
son, leaving  a  few  small  patches  only  that  will  make  the  channels  incon- 
venient. 

It  is  to  be  hoped  that  the  next  appropriations  by  Congress  will  enable 
the  work  of  fully  completing  the  above-mentioned  channels  to  be  done, 
and  enable  ujb  to  make  the  proposed  cuts  at  Smith's,  St.  Louis,  and 
Lower  Chains,  and  to  remove  the  patches  off  Winnebago  Island  and 
Crab  Island. 

I  have  not  submitted  any  estimate  with  this  report,  as  I  submitted 
one  to  you  a  short  time  ago. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

CHARLES  J.  ALLEI^, 
Captain  of  En^ineer^  and  Brevet  Major. 

Brevet  M^jor  General  J.  H.  Wilson, 

United  States  Armyy  Keokvky  Iowa. 


Official  copy : 


J.  B.  GRIFFITH, 
Second  Lieutenant^  Corps  of  Engiiieers. 


F. — JJbsiract  of  oontracta  entered  into  during  the  fieeal  year  ending  June  30, 1869,  for  the  in^ 
provement  of  the  Eock  Island  Rapids  of  the  Mississippi  River, 
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Date. 

Namea  and  residenee  of  oon- 
tractors. 

Names  and  residence 
of  bondsmen. 

For  what  pnipose. 

1 

Jane  S9, 1860. 

Chaa.  6.  Case,  Fulton,  INT.  T . 

Frederick  I>.  Van  Wagenen, 
Fiilton,N.T. 

Sands  ^.  Xenyon,  Fol- 

ton,  N.  Y. 
Thomas  M.  Cheseluro, 

Folton,  K.  Y. 

^e  ImproTement 
of      Campbell's 
Chain,  &c. 

1135,000 

I  certify  that  the  foregoing  abstract  is  correct. 

J.  H.  WILSON, 
Lieutenant  Colonel  and  Bvt  Maj.  Qeneral  U.  8.  A» 

U.  S.  Engineeb's  Office, 

Keokuk,  Iowa,  June  30, 1869. 
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Office  of  the  United  States  Engineers, 

Keokuk^  lowa^  June  15, 1869. 

General:*!  have  the  honor  herewith  to  report  the  results  of  the 
investigations  of  the  party  sent  out  by  you,  under  my  charge,  during 
the  fall  of  1868,  for  the  examination  of  sites  for  locks  and  dams  on  the 
Illinois  lliver  below  La  Salle.  Monthly  reports  of  the  field  operations 
being  already  in  your  hands,  I  shall  confine  myself  in  this  report  to  a 
statement  of  the  general  results  obtained.  Former  surveys  had  already 
demonstrated  that  the  Lower  Illinois  River  would  not  fiirnish  any  sites 
perfectly  adapted  to  the  location  of  a  lock  and  dam,  and  it  had  been 
understood  that  the  selection  of  a  site  would  have  to  be  merely  a  choice 
among  the  least  objectionable  ones.  It  was  known  that  it  would  have 
been  in  vain  to  look  for  a  rock  foundation  in  this  river;  that  the  wide 
bottoms  on  either  side  abounded  with  lakes  and  sloughs,  communicating 
frequently  with  the  main  water-course,  and  inviting  the  latter  to  escape 
laterally  if  prevented  by  any  obstacle  from  x)roceeding  directly ;  and  that 
in  most  places  the  soil  of  the  banks,  being  very  light  and  porous,  and 
allowing  the  water  to  filter  through  it  to  considerable  distances,  was 
quite  unfavorable  to  the  security  of  any  permanent  structure  at  the  shore 
of  the  river. 

The  unreliability  of  the  river  bed  is  a  defect  which  cannot  be  wholly 
remedied,  although  care  has  been  taken  to  select  sites  least  objectionable 
in  this  respect.  The  outlets  of  lakes  and  sloughs,  wherever  they  should  be 
found  to  allow  the  water  to  escape  laterally,  must  be  filled  up,  which  fortu- 
nately can  be  done  without  diflSiculty,  and  at  little  expense.  The  porous 
character  of  the  soil  of  the  river  banks  is  a  more  serious  impediment.  The 
extent  to  which  filtering  is  going  on  at  frequent  intervals  along  the  entire 
course  of  the  river  can  best  be  observed  during  the  driest  season  of  the 
year,  when  for  several  feetabove  the  water  of  the  river  the  ground,  whether 
sand,  gravel,  or  clay,  is  saturated  with  water,  innumerable  diminutive 
springs  issuing  all  along  from  the  banks,  eveiy  one  of  which  is  filtered 
from  lakes  in  some  instances  more  than  a. mile  off.  In  fact  the  whole 
ground  in  such  places  is  permeated  by  water,  and  instances  will  be 
shown  in  the  detailed  reports  where  impassable  swamps,  when  prevented 
from  issuing  into  the  river  by  impermeable  strips  of  soil,  are  higher  by 
several  feet  than  the  dry  ground  separating  them  from  the  river. 

In  selecting  sites  for  the  location  of  locks  and  dams  particular  atten- 
tion was  paid  to  the  following  points: 

1.  Avoiding  a  straight  channel  above,  so  as  to  keep  the  lock  out  of 
danger  of  drift  wood  and  ice,  sharp  bends  were  likewise  rejected,  for  the 
reason  that  the  concave  side  would  necessarily  be  subjected  to  abrasion 
of  the  shore,  endangering  the  anchorage  of  the  dam. 

2.  For  this  reason  every  abrasion,  however  slight,  on  either  bank, 
was  carefully  noted,  and  only  such  points  chosen  as- presented  a  gradual 
and  easy  slope  on  ooth  sides.  The  chainmen  were  instructed  to  note 
every  abrasion  in  the  chain-books,  and  they  were  also  noted  down  in  the 
field-books  for  topography. 

3.  Ice-marks  on  trees  were  likewise  entered  into  chain-books  and  in 
the  toi)ographical  notes.  Although  usually  far  above  the  comb  of  the 
dam  and  the  coping  of  the  lock,  they  yet  indicate  the  places  were  dangers 
from  ice  are  most  to  be  apprehended. 

4.  The  minimum  height  of  bank  on  either  side  waa  fixed  at  ten  feet 
above  low  water — more  than  that  is  rarely  to  be  obtained. 

5.  Although  care  was  taken  to  avoid  places  above  the  lower  outlets  of 
lakes  or  sloughs,  it  was  yet  found  impossible  to  keep  entiiely  free  from 
this  objectionable  feature.    The  only  remedy  for  this,  as  above  stated. 
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is  the  thorough  stopping  up  of  all  outlets  from  the  river  into  the  lake 
at  high  water  above  the  dam. 

6.  The  character  of  the  river-bed  was  carefully  noted  at  every  sounding ; 
but  definite  information  on  this  point  can  only  be  obtained  by  more 
detailed  operations  than  either  time  or  means  allowed  on  this  expedi- 
tion. 

Before  entering  on  separate  descriptions  of  the  several  sites  examined, 
it  will  be  necessary  to  report  on  the  modus  operandi  by  which  the  residts 
embodied  in  them  were  obtained. 

SUEVEYS. 

At  every  locality  both  shores  were  surveyed  by  theodolite  and  chain, 
connected  at  each  extremity,  and  when  desirable  at  intermediate  stations 
by  triangulation.  Each  day's  work  was  tested  in  the  evening,  and  the 
platted  results  show  but  insignificant  discrepancies  due  to  shght  inac- 
curacies in  chaining  through  heavy,  underbrush,  &c.  It  is  unnecessary 
to  go  into  any  further  description  of  this  part  of  the  work.  It  had  been 
the  intention  to  run  cross-sections  from  bluff  to  bluff  at  each  of  the  sites 
selected  at  right  angles  to  the  course  of  the  river.  This,  in  most  instances, 
was  found  to  be  impracticable,  the  swamps  and  lakes  from  heavy  rains 
before  and  during  the  progress  of  the  survey  proving  impassable,  except 
at  certain  points,  which  it  took  a  good  deal  of  trouble  to  discover.  Cross- 
sections  were,  however,  made  at  every  location  sufficient  to  show  the  char- 
racter  of  the  valley,  in  connection  with  the  lines  of  level.  The  results  are 
embodied  in  the  maps  herewith  submitted,  seven  in  number,  showing  the 
topography  of  the  site,  cross-section  of  the  valley,  and  profiles  of  the  river 
at  the  point  selected,  together  with  such  other  information  as  was  thought 
to  be  useful  or  interesting. 

SNAGOINGS. 

The  comparatively  high  stage  of  the  river,  and  the  considerable  fluc- 
taations  in  the  stages  at  the  several  localities  examined,  were  quite 
unfavorable  to  the  determination  of  discharge.  According  to  instruc- 
tions the  velocities  were  observed  by  means  of  mid-depth  floats,  con- 
structed as  follows: 

A  one-inch  pine  board,  eight  inches  square,  supporting  a  small  flag, 
served  as  guide  for  observation,  and  as  support  for  the'fioat.  A  one-qoar- 
ter-inch  rope,  divided  into  feet  by  pieces  of  tape,  was  attached  to  this  by 
four  strings,  at  a  distance  of  one  foot  from  the  surfEU^  of  the  gaide-board, 
and  at  the  average  mid-depth  of  the  stream  to  an  oblong  box,  open  at 
both  ends,  and  made  of  inch  pine  two  feet  long,  and  ten  inches  square, 
loaded  with  scrap-iron  and  stone  to  the  capacity  of  the  guide-board. 
The  float  could  thus  be  regulated  to  any  depth  without  loss  of  time. 

The  fluctuations  .in  the  stages  of  water  at  the  several  localities  were 
as  follows,  the  figures  indicating  the  height  above  low-water  of  1867 : 

At  Willow  Island,  1.3  foot;  velocity,  0.40  foot;  0.44  foot  i)er  second. 

Copperas  Creek,  1.7  foot;  velocity,  0.87  foot;  0.99  foot;  1.09  foot  per 
second. 

Spring  Lake,  1.5  foot;  velocity,  0.53  foot;  0.60  foot;  0.42  foot  per 
second. 

Frederick,  1.3  foot;  velocity,  0.80  foot;  0.83  foot;  0.77  foot  per  second. 

Lagrange,  4.3  feet;  velocity,  1.70  foot;  1.70  foot  per  second. 

Naples,  3.9  feet;  velocity,  1.53  foot;  1.90  foot;  1.85  foot;  1.65  foot; 
1.80  foot  per  second. 

Bedford,  4.0  feet;  velocity,  1.68  foot;  1.27  foot;  1.30  foot  per  second. 
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The  velocities  here  given  represent  mid-depth  velocities  on  the  sub- 
divisions of  the  cross-section,  counting  from  the  left  to  the  right  shore. 

The  following  table  shows  the  actual  discharges  at  the  time  of  obser- 
vation, together  with  the  stage  of  water  above  low-water  of  1867 : 


Locality. 


Willow  Island . . 
Copperas  Creek. 

SpTlng  Lake 

frederick 

Lagrauge 

Kaples 

Bedibrd 


Discharge. 

stage  of 
water. 

Cubic  f«et. 

Jrtet, 

2,788 

1.3 

2,509 

1.7 

2,527 

1.5 

2,590 

1.3 

9,746 

4.3 

10,366 

3.9 

0,134 

4.0 

Eeducing  the  areas  of  cross-sections  to  low-water,  but  retaining  the 
mid-depth  velocities  obtained,  the  resulting  discharges  are  so  much  in 
excess  of  those  obtained  at  corresponding  localities  during  low  water  of 
1867  as  to  render  such  procedure  altogether  valueless.  This  proves 
that  mid-depth  velocities  are  materially  aftected  by  comparatively  insig- 
nittcant  changes  in  the  stage  of  water.  I  must  here  state^  also,  that  in 
shallow  streams,  like  the  Illinois,  the  effect  of  wind  upon  mid-depth  floats 
is  very  considerably  greater  than  it  was  found  to  be  on  the  Lower  Miss- 
issippi, as  stated  in  the  "Eeport  upon  the  Physics  and  Hydraulics  of  the 
Mississippi  Kiver."  Direct  observations  have  shown  that  on  the  Illinois 
River  every  breeze  affected  the  floats  materially,  both  in  direction  and 
velocity.  All  observations  made  during  a  perceptible  breeze  were  con- 
sequently rejected,  and  advantage  was  taken  of  every  moment  of  perfect 
calm.  The  soundings  were  made  on  the  plan  adopted  by  the  hydrographic 
party  of  1867,  the  sounder  lining  himself  by  two  flags  set  up  on  shore 
in  the  direction  required. 

Profiles  of  the  soundings  made,  with  the  necessary  reference  lines  of 
high  and  low  water  will  be  found  on  the  maps  accompanying  this  report. 

BORINGS. 

The  borings  at  the  several  sites  examined  were  necessarily  of  linuted 
extent.  As  far  as  they  went  they  merely  proved  what  had  been  surmised 
before,  that  within  twenty-four  feet  at  least  fi*om  the  bed  of  the  river 
no  ttrm  foundation  can  be  found;  and  it  is  safe  to  predict  that  no  better 
result  will  be  obtained  by  boring  to  more  than  to  twice  that  depth.  The 
boring  apparatus  was  made  to  order  by  a  blacksmith  in  Keokuk,  and 
will  be  best  explained  by  the  sketch  in  original  manuscript. 

The  borer  proper  was  made  of  one-inch  square  iron,  forged  at  the  foot 
into  the  shape  shown  in  the  sketch,  and  ten  feet  long. 

Two  more  lengths*  of  the  same  one-inch  iron  rod,  each  ten  feet  long, 
were  made  to  join  the  borer  by  a  connection  as  shown  in  the  figure, 
bulging  slightly  beyond  the  thicknes^  of  the  rod,  so  as  to  allow  an  iron 
j  acket  to  be  driven  firmly  over  the  joint  by  a  few  taps  with  a  hammer. 
Two  iron  sockets  to  receive  wooden  levers  were  movably  attached  to 
the  rods  by  a  jacket  and  screw.  To  a  depth  of  twenty-four  feet  this 
apparatus  was  found  to  work  well,  at  an  average  rate  of  about  five  feet 
per  hour,  worked  by  two  men. 

Willow  Island  site, — ^The  site  selected  for  this  dam  is  about  midway 
between  the  foot  of  Willow  Island  and  the  town  of  Henry,  a  short  dis- 
tance below  the  mouth  of  Senachewine  Lake.    The  width  of  the  river 
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here  is  six  handred  and  sixty  feet;  the  left  bank  where  the  lock  should 
be  located,  thirteen  feet  above  low-water,  but  the  ground  is  rapidly 
sloping  towards  the  interior  to  five  and  a  half  feet.  The  wet  marsh  mid- 
way between  the  left  shore  and  the  bluff  is  more  than  three  feet  higher 
than  the  dry  ground  intervening  between  it  and  the  river.  The  right 
shore  presents  a  gradual  slope  of  compact  gravel  back  one  hundred  feet 
to  the  foot  of  the  gravel  terrace,  which  extends  from  the  lower  outlet  of 
Senachewine  Lake  to  Henry,  lifty-flve  to  fifty-nine  feet  above  low  water. 
This  terrace  is  composed  of  clay  and  gravel  in  about  equal  proportions, 
with  some  larger  boulders  neltr  the  bsuse. 

The  dam  for  part  of  the  way  would  be  in  a  depth  of  fourteen  feet  at 
low  water,  with  a  gravel  bottom  for  about  half  its  length,  and  mud  the 
other  half. 

The  location  of  a  lock  and  dam  at  the  foot  of  Willow  Island,  as  at  first 
projected,  is  open  to  several  grave  objections.  The  channel  above  this 
place,  on  either  side  of  the  island,  is  perfectly  straight,  aflbrding  no 
protection  from  anything  that  may  come  down  the  river.  The  right 
bank  is  too  low  to  meet  the  views  expressed  above,  being  but  seven  feet 
above  low  water.  The  outlet  of  Senachewine  Lake  is  but  a  short 
distance  below  this  site,  and  its  connections  with  the  river  above  are 
numerous,  although  only  occurring  at  high  water. 

A  more  desirable  site  than  this  would  have  been  at  the  foot  of  Henry 
Bar,  a  short  distance  above  the  town  of  Henry,  and  below  the  mouth  of 
Sandy  Creek.  The  river  here  is  narrow,  about  six  hundred  and  fifty 
feet  wide^  with  a  depth  of  five  feet,  gravelly  slope,  and  gravel  terrace 
on  the  right  bank,  and  a  clay  slope  ten  feet  high  on  the  left.  For  a 
dam  location  it  would  probably  be  superior  to  the  one  selected,  with  the 
additonal  advantage  of  submerging  Henry  Bar ;  but  for  a  lock  site  the 
latter  presents  far  greater  advantages.  I  have  not  found  a  place  near 
Henry  on  either  shore^  where  a  lock  would  not  be  exposed  to  the  frill 
sweep  of  tlie  current.  A  sketch  of  this  vicinity,  taken  from  the  maps 
furnished  by  the  hydrographic  party  of  the  survey  of  1867,  will  be  found 
among  the  other  maps  of  the  Willow  Island  site  on  sheet  No.  1. 

Copperas  Creek  site. — ^The  site  chosen  for  the  Copperas  Creek  lock 
and  dam  is  at  station  N,  (see  sheet  I^o.  2,)  the  lock  to  be  located  on  the 
west  shore.  Both  banks  here  are  firm,  gradually  sloping,  and  about  ten 
feet  above  low  water.  The  west  shore  is  free  from  danger  of  i(5e.  The 
principal  objection  to  this  site  is  the  shallowness  of  the  water,  3.4 
feet  being  the  greatest  depth  at  low  water,  but  this  may  be  balanced  by 
the  unusually  firm  character  of  the  river-bed,  which  is,  with  the  excep- 
tion of  a  short  distance  from  the  west  shore,  composed  of  gravel  all  the 
way  to  the  opposite  shore,  mixed  with  some  shells  and  sand.  Another 
objection,  which  is,  however,  common  in  a  greater  or  less  degree  to  all 
sites  that  can  be  chosen  anywhere  on  the  river,  is  the  presence  of  a  very 
large  lake  (Spring  Lake)  along  the  eastern  border,  with  a  main  outlet 
below  the  site,  and  several  smaller  ones  above  it.  Another  site  was 
therefore  examined  below  the  main  outlet  of  Spring  Lake.  The  boiings 
made  in  the  river-bed  near  the  western  shore  reveal  nothing  but  a 
bed  of  blue  plastic  clay,  apparently  quite  free  from  sand,  and  very  tena- 
cious; twenty-four  feet  were  bored  through  without  any  change.  A 
specimen  was  preserved  from  a  depth  of  twenty- four  Ifeet  below  the  bot- 
tom. The  dam  would  be  six  hundred  and  eighty  feet  long,  timber  for 
which  can  be  obtained  in  abundance  on  either  shore.  liock  for  filling 
will  have  to  be  floated  down  from  above. 

The  bluff  on  the  west  side  is  mainly  composed  of  drift,  (loam,  sand, 
and  some  slight  indications  of  gravel,)  and  is  on  an  average  one  hundred 
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and  thirty  feet  high  above  water.  At  the  foot  of  the  bluflf,  in  the 
bed  of  Copperas  Creek,  some  twenty  feet  of  coal  sh.»le  were  found,  con- 
taining a  thin  bed  of  impure  coal  and  bituminous  slate.  The  lower  por- 
tion of  the  shale  is  seamed  with  nodules  of  clay-ironstone,  resembling 
very  much  those  found  on  Macon  Creek,  near  Morris,  renowned  for  the 
paleontological  treasures  they  contain,  but  no  fossils  were  found  at  this 
locality,  except  some  indistinct  flattened  shells  in  the  shales,  among 
which  a  Chonetes  mesoloba.  Large  blocks  of  drift  conglomerate,  quite 
hwrd  and  compact,  were  found  overlying  these  coal-measure  beds,  very 
similar  to  those  of  Hennepin  and  Peoria.  A  section  of  this  locality 
will  be  found  on  sheet  Ko.  2. 

Spring  Lake. — ^As  an  alternate  for  the  Copperas  Creek  site,  another 
location,  below  the  mouth  of  8pring  Lake,  was  examined.  The  only 
safe  site  was  found  at  the  Liverpool  Ferry  Landing,  where  the  river  is 
contracted  to  a  width  of  four  hundred  and  eighty  feet.  The  left  bank 
here'  is  thirteen  feet  high,  sloping  towards  the  interior  to  an  average 
level  of  seven  and  one-half  feet  above  low  water,  a  rather  desolate  region, 
with  plenty  of  marsh,  and  an  almost  impenetrable  jungle  of  cockle-burs. 

The  bottom  is  bounded  by  a  sand  ridge  or  terrace  sixty-two  feet  above 
low  water,  and  covered  with  small  black-jack,  distant  from  the  river 
one  and  quarter  mile.  The  right  bank  at  Liverpool  slopes  gradually  to 
twenty  feet  above  low  water,  while  the  marsh  in  the  interior  is  but  six 
feet  above  low  water.  The  bluff,  two  and  a  quarter  miles  back  from  the 
river,  is  one  hundred  and  forty-four  feet  high ;  its  base  consists  of  coal- 
measure  shales,  thirty  feet  or  more  in  thickness.  No  other  rock 
observed. 

The  objection  raised  against  the  Copperas  Creek  sit-e,  on  account  of 
the  shallowness  of  water,  certainly  does  not  apply  here,  with  a  depth 
of  eighteen  and  a  half  feet  above  low  water.  There  are  lakes  and 
marshes  on  both  sides  of  the  river;  the  bed  of  the  river  consists  of  soft  mud 
on  the  eastern  half,  and  gravel  and  mud  on  the  western. 

No  borings  were  made,  as  the  boring  apparatus  would  only  reach 
twenty-five  feet,  twenty  of  which  would  have  been  occupied  by  water. 

Frederick, — At  Frederick  the  west  bank,  about  one  hundred  feet  from 
the  edge  of  the  water,  is  twelve  feet  above  low  water,  rising  to  thirty 
feet  at  the  town  of  Frederick.  The  bluff  is  distant  from  the  river  one- 
half  mile  and  two  hundred  and  thirty  feet  high.  The  top  of  the  mound 
at  its  summit  is  two  hundred  and  thirty-eight  feet  high.  The  base  of  the 
bluff  is  formed  of  four  feet  of  bluff  and  blue  limestone,  containing  some 
large  oonularia  overlaid  by  blue  sandy  shale  of  the  coal  measures.  For 
fifteen  feet  above  this  the  drift  loam  is  stratified  with  horizontal  seams  of 
pebbles  and  small  boulders;  the  rest  of  the  bluff  consists  of  unstratifled 
loam,  sandy  towards  the  top. 

The  east  bank,  opposite  Frederick,  is  low,  strongly  abraded,  and  the 
exposed  trees  show  heavy  ice-marks.  The  site  selected  for  a  lock  and 
dam  is  at  station  H,  (see  sheet  No.  4,)  where  the  river  is  six  hundred  and 
sixty  feet  wide,  its  greatest  depth  at  low  water  six  feet,  with  sandy 
bottom  throughout. 

The  borings  in  the  river-bed  reveal  the  usual  mixture  of  a  great  deal 
of  sand  with  some  little  black  mud.  The  west  bank  is  fourteen  and  a 
half  feet  high,  with  a  gradual  slope,  and  quite  firm.  The  prairie,  six 
hundred  feet  back  of  the  river,  is  eleven  feet  above  low  water,  and 
extends  to  the  bluff  some  two  miles  distant.  The  east  bank  is  twelve 
feet  above  low  water;  but  the  distance  between  the  river  and  Beards- 
town  Bay,  fourteen  hundred  feet,  is  traversed  by  smaUer  sloughs 
parallel  to  the  river,  and  only  four  or  five  feet  above  low  water. 
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The  town  of  Beardstown  is  tcom.  twenty-two  to  twenty-six  feet  above 
low  water;  the  soil  is  very  sandy.  The  river  bottom  here  is  five  and  a 
half  miles  wide,  almost  all  of  it  above  high  water,  and  intersected  by 
numerous  sand  ridges.  The  bluff  is  two  hundred  and  thirty-three  feet 
high,  the  mound  on  its  summit  two  hundred  and  forty-two  feet.  At  an 
elevation  of  one  hundred  and  thirty-four  feet,  there  is  an  outcrop  of 
fine-grained  buff  sandstone  with  some  shales.  The  sandstone  is  similar 
in  character  to  that  at  Lagrange,  overlying  the  limestone  and  coal.  No 
survey  was  made  above  Frederick  to  Sugar  Greek,  because  reconnais- 
sance had  shown  the  left  bank  for  all  that  distance  to  be  too  strongly 
and  abruptly  abraded. 

Abundance  of  rock  for  filling  cribs  can  be  obtained  from  Sugar  Creek, 
which  during  high  water  is  navigable  for  medium-sized  fiats  up  to  the 
limestone  quarries.    The  rock  is  not  fit  for  heavy  masonry. 

Lagrange. — ^The  best  site  for  a  lock  and  dam  in  this  vicinity  is  found 
directly  in  front  of  Lagrange,  at  Station  6,  (see  sheet  No.  5.)  The  river 
here  is  six  hundred  and  sixty  feet  wide  at  low  water,  eight  hundred  and 
sixty-five  between  banks.  The  greatest  depth  is  found  close  to  the  east 
shore,  where  the  lock  should  be  located,  7.3  feet  at  low  water ;  but  l^e 
river  is  quite  shallow  for  four-fifths  the  distance  across. 

The  west  bank  is  twelve  feet  above  low  water  at  sixty  feet  from  the 
water's  edge,  rising  to  forty  feet  at  the  foot  of  the  bluff,  eleven  hundred 
and  fifty  feet  from  shore.  The  bluff,  containing  coal  at  an  elevation  of 
ninety-six  feet,  is  two  hundred  and  seventy-eight  feet  high,  The  coal 
has  been  worked  in  numerous  pits,  but  does  not  appear  to  be  of  very 
good  quality. 

The  east  bank  is  eleven  teet  above  low  water,  with  a  gradual  and 
easy  slope,  and  firm  soil,  but  immediately  descends  to  a  slough, 
seven  leet  above  low  water,  and  at  a  distance  of  eight  hundred  feet  to  a 
lake,  the  water  of  which  is  at  nearly  the  same  elevation  with  that  of  the 
river.  The  outlet  of  this  lake  is  but  a  short  distance  below  the  proposed 
location. 

Naples, — ^The  only  acceptable  location  for  a  lock  and  dam  in  this 
neighborhood  was  found  at  Station  6,  (see  sheet  No.  6,)  a  short  distance 
below  the  wharf  at  Naples.  The  river  here  is  eight  hundred  and  ninety- 
three  feet  wide ;  at  low  water,  its  greatest  depth,  6.6  feet  5  and  the  bot- 
tom consists  mostly  of  sand  and  hard  material,  gravel  and  shells,  with 
some  mud.  The  west  bank  is  firm  and  gradually  sloping.  12.2  feet  above 
low  water.  The  lake,  one-fourth  of  a  mile  back  from  tne  river,  is  nine 
feet  above  low  water;  the  general  level  of  the  prairie  extending  to  the 
bluff  is  eleven  feet,  rising  to  eighteen  feet  nearer  to  the  foot  of  the  bluff 
•where  the  land  is  cultivated. 

The  elevation  of  the  foot  of  the  bluff,  two  and  one-fourth  mile  distant  from 
the  river,  is  twenty-one  feet ;  that  of  its  summit,  two  hundred  and  three  feet. 
At  an  elevation  of  sixty  feet  an  outcrop  of  thin-bedded  limestone  was 
observed ;  no  other  rock  visible. 

The  east  bank  is  sandy,  and  slopes  gradually,  for  a  distance  of  sixty- 
eight  feet,  to  an  elevation  of  fifteen  feet,  then  rises,  almost  perpendicu- 
larly, four  feet.  The  abrasion  here  is  very  strong,  but  can  only  be  caused 
by  high  water.  Thence  the  land  is  apparently  a  dead  level  at  an  eleva- 
tion of  nineteen  feet,  for  a  distance  of  about  two  thousand  feet ;  in  fact, 
with  the  exception  of  a  slight  depression  or  slough  immediately  back  of 
the  town,  virtually  a  level  back  to  the  foot  of  the  bluff,  a  distance  of 
about  four  miles. 

The  bluff  directly  above  Naples  is  composed  of  sand  throughout,  regu- 
larly stratified  in  its  steep  escarpments.    For  about  one  hundred  feet 
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from  the  edge  of  the  water  it  slopes  gradually  to  an  elevation  of  fifteen 
feet,  thence  very  abruptly,  and  in  some  places  nearly  perpendicularly,  to 
thirty-five  feet.  The  average  height  is  forty-six  feet;  the  highest  point, 
fifty-four  feet.  To  the  landward  it  slopes  gradually  to  the  general  level  of 
the  bottom  lands.  The  elevation  of  this  ancient  sand-bar  furnishes  us 
with  the  approximate  height  of  the  Illinois  Biver  at  the  time  when  it 
filled  its  wide  valley, 

Bedford, — Considerable  difficulty  was  experienced  to  find  a  site  near 
Bedford  that  would  at  all  answer  even  the  modest  requirements  proposed. 
A  site  was  at  length  determined  on  at  Station  10,  (see  sheet  No.  7,)  as 
presenting  the  least  objections. 

The  river  here  is,  at  low  water,  nine  hundred  and  eighty-six  feet  wide ; 
its  greatest  depth,  seven  and  one-half  feet )  the  bottom,  about  one-half 
mud  and  one-half  gravel  and  shells. 

The  west  bank  is  firm,  gradually  sloping  and  about  thirteen  feet  above 
low  water,  gradually  rising  to  the  foot  of  the  bluff,  one^fourth  mile  distant. 
The  bottom  is  well  timbered  and  dry.  The  bluff  here  is  formed  of 
massive  beds  of  light-colored,  semi-crystalline  limestone,  at  least  seventy 
feet  in  thickness,  presenting  high  perpendicular  escarpments,  and  alto- 
gether the  most  picturesque  views  to  be  found  anywhere  on  the  lower 
Illinois.  Pilot  peak  is  the  most  remarkable  of  these.  The  summits  are 
dotted  with  mounds,  some  of  them  of  considerable  dimensions,  and  it 
cannot  be  denied  that  whatever  races  built  these,  the  only  remaining 
traces  of  their  existence,  they  must  have  had  an  eye  to  natural  beauty, 
as  the  mounds  are  invariably  found  wherever  the  prospect  is  fine  and 
extensive. 

The  east  bank,  at  the  site  selected,  is  less  favorable  than  the  western, 
being  about  ten  feet  above  low  water,  and  a  deep  though  dry  slough 
running  parallel  with  the  shore,  within  two  hundred  and  fifty  feet, 
frequently  communicating  with  the  river  by  shallow  outlets.  The  timber 
is  heavy,  with  a  dense  undergrowth,  and  impenetrable,  except  at  the 
driest  season,  and  then  only  at  an  expense  of  time  which  we  could  not 
afford. 

In  order  to  obtain  a  fair  idea  of  the  river  bottom,  a  cross-section  was 
made  a  short  distance  above  Bedford.  On  the  west  bank  the  ground 
rises  rapidly  to  the  foot  of  the  bluff',  which  is  here  close  to  the  river,  and 
rises  to  a  height  of  two  hundred  and  eighty  feet.  On  the  east  side  the 
bank  is  fifteen  feet  above  low  water,  and  after  crossing  a  marshy  run, 
emptying  into  the  river  at  the  head  of  Shin  Island,  a  wide  prairie  is 
reached,  elevated  thirteen  and  a  half  feet  above  low  water,  and  inter- 
sected by  narrow  marshes,  which  unite  a  short  distance  below  into  a 
very  extensive  marsh  or  lake.  The  bluff  on  this  side,  two  and  a  half 
miles  from  the  river,  is  one  hundred  and  nmety  feet  high,  (the  mound  on 
its  summit  two  hundred  feet,)  and  is  composed  altogether  of  loam, 
very  precipitous,  and  cut  up  by  deep  ravines,  perfectly  bare  of  timber, 
except  on  the  summit. 

The  width  of  the  valley  between  the  tops  of  the  bluffs  is  3.2 
miles.  The  unusual  severity  with  which  the  winter  set  in  after  the 
completion  of  the  Bedford  survey  rendered  it  impossible  to  undertake 
the  examination  of  the  only  remaining  site,  that  near  Six-mile  Island* 

A  more  extended  time  and  a  more  favorable  season  might  probably 
have  enabled  us  to  find  some  more  favorable  locations  for  the  constniction 
of  locks  and  dams  than  those  herein  reported  on.  But  from  a  rather 
familiar  acquaintance  with  the  Illinois  Kiver,  I  can  say  without  hesitation 
that  I  do  not  consider  that  river  at  all  adapted  to  slack-water  navigation. 
This  mode  of  improvement  should  only  be  resorted  to  where  all  other 
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means  are  clearly  impracticable,  and  where  the  only  alternative  is  that 
or  no  navigation  at  all:  I  do  not  pretend  to  say  that  dredging  alone 
would  bring  the  Illinois  to  that  condition  which  it  is  entitled  to,  nor 
that  an  attempt  should  be  made  to  perfect  its  navigation  to  the  proposed 
standard  in  a  few  years  time,  but  after  another  two  months'  walk  afoot 
along  its  banks,  I  am  more  than  ever  convinced  that,  dredging,  with 
its  indispensable  accessories — catch  basins  for  the  sediment — bearing^ 
tributaries  and  longitudinal  dikes,  where  ever  found  advisable,  would 
gradually,  as  the  requirements  of  commerce  advance,  deepen  and  regulate 
its  channel  to  the  full  satisfaction  of  all  demands  that  ever  will  be  made 
upon  it. 

Eespectfully  submitted. 

H.  A.  TJLFFER8, 
Civil  Engineer^  Assistant 

Brevet  Major  General  J.  H.  Wilson, 

Lieutenant  Colonel  JJ,  8.  A.,  KeoJcuJcj  Iowa. 


Appendix  J. 


United  States  Engineer  Office, 
Ifo.  23  Bampart  Street,  New  Orleamj  July  7, 1869, 

Genebai.:  In  compliance  with  the  requirements  of  circular,  dated 
Headquarters  Corps  of  Engineers,  June  10,  1868, 1  have  the  honor  to 
submit  the  foUowing  annual  report  of  progress  made  in  all  works  of 
river  and  harbor  improvements  and  surveys  under  my  charge,  for  the 
fiscal  year  ending  June  30, 1869: 

1.  Survey  of  Galveston  Harbor,  Texas,  with  a  view  to  forming  plans 
for  its  improvement  and  preservation. 

This  work  was  completed  and  full  report  made  by  Brevet  Brigadier 
General  M.  D.  McAlester,  on  the  9th  of  June,  1868.  There  is  yet 
remaining  of  the  appropriation  made  for  carrying  on  the  survey  the 
sum  of  $25  92,  now  in  my  hands,  which  amount  is  no  longer  needed  on 
this  work,  and  may  be  returned  to  the  general  appropriation  from  which 
it  was  taken. 

2.  Improvement  of  the  mouth  of  the  Mississippi  River. 

The  last  annual  report  rendered  by  Brevet  Brigadier  General  M.  D. 
McAlester,  major  of  engineers,  in  charge  of  the  work,  gave  a  detailed 
account  of  the  construction  and  working  to  the  date  of  July  1, 1868,  of 
the  steam  dredge-boat  Essayons,  especially  designed  by  General 
McAlester,  and  built  under  his  direction  for  this  work. 

The  Essayons  was  at  that  date  just  out  of  Hampten  Eoads,  bound 
for  this  port,  and  yet  in  the  hands  of  her  contractors.  She  arrived  at 
New  Orleans  July  16,  and  was  immediately  placed  in  dock  to  repair 
damage  sustained  during  her  voyage,  and  to  make  such  alterations  of 
her  machinery  as  the  experience  gained  by  her  trip  suggested. 

The  voyage  from  Boston  to  THew  Orleans  disclosed  several  minor 
defects  in  the  construction  of  her  machinery,  but  proved  her  to  be,  with 
the  latter  in  good  working  order,  a  reliable,  seaworthy  vessel. 

All  such  repairs  and  alterations  deemed  advisable,  as  by  the  terms  of 
th^ir  contract  devolved  on  them,  were  made  by  her  contractors,  in 
whose  hands  she  remained  until  the  6th  of  August,  at  which  date  she 
was  formally  turned  over  to  the  United  States. 

The  time  intervening  between  the  6th  of  August  and  the  3d  of 
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September  was  consumed  in  making  snch  further  alterations  from  the 
original  plan  as  did  not  properly  devolve  on  the  contractors. 

On  the  3d  of  September,  the  vessel  sailed  for  Pass  k  Loutre,  (previously 
selected  for  improvement.)  but,  owing  to  a  series  of  accidents,  (mainly 
due  to  the  inexperience  oi  the  assistant  steam  engineers,  who  were  not 
well  acquainted  with  the  working  of  the  pecuUar  machinery  of  the 
vessel,)  only  one  and  one-half  hou?s  work  on  the  bar  was  done  during 
the  month,  the  remp^inder  of  the  time  being  spent  in  making  repairs. 

Lieutenant  D.  W.  Payne,  Corps  of  Engineers,  United  States  Army, 
during  this  time  was  in  active  superintendence  of  the  work,  under  the 
orders  of  General  McAlester.  I  extract  from  his  report  to  me,  dated 
July  2,  1869,  to  show  the  progress  made  in  October  and  November, 
1868: 

"In  October,  the  depth  of  water  in  the  channel  was  increased  from 
twelve  feet  six  inches  to  fourteen  feet.  The  vessel  worked  nine  days 
and  seven  hours  during  the  month.  She  was  prevented  from  working 
the  remainder  of  the  time  by  bad  weather  and  by  accidentiS  to  her 
machinery.  Two  blades  of  the  forward  screws  were  broken  off  on  the 
Ist,  by  striking  a  log  while  running  down  the  river.  On  the  14th,  the 
two  remaining  blades  were  broken  off  by  striking  something  hai*d  in 
the  channel.  From  the  14:th  to  the  30th,  work  was  continued  with  the 
after  scraper.  On  the  30th,  the  vessel  was  taken  to  New  Orleans  to 
repair  the  forward  screw,  and  did  not  return  to  Pass  ^  Louti'e  until  the 
19th  of  November,  by  which  time  the  channel  had  filled  so  as  to  give 
only  eleven  feet  six  inches  of  water  on  the  bar.'' 

During  November,  only  one  and  one-half  day's  work  was  performed. 
The  depth  of  water  on  the  crest  of  the  bar  was  increased  to  thirteen 
feet. 

On  the  25th  of  November,  the  Essayons  was  ordered  to  New  Orleans, 
preparatory  to  a  transfer  from  General  McAlester  to  Colonel  F.  E.  Prime, 
and  was  detained  until  the  8th  of  December. 

Only  one  day's  work  was  done  at  the  mouth  of  the  river  in  December, 
and  that  resulted  in  breaking  two  blades  of  the  forwiird  screw,  after 
which  the  vessel  was  again  brought  to  New  Orleans  for  repairs.  These 
repairs,  owing  to  delay  in  receiving  the  new  blades  required,  detaiaed 
the  vessel  in  New  Orleans  until  the  3d  of  February,  1869.  During  this 
long  detention  the  reversing  gear  of  the  engine,  which  had  given  much 
trouble,  was  put  in  good  working  order. 

The  Essayons  returned  to  P«a8S  ^  Loutre  on  the  3d  of  February,  1869. 
Lieutenant  Payne  reports  for  the  remainder  of  the  fiscal  year  as  follows: 

"On  the  4th  of  February,  but  eleven  feet  six  inches  of  water  was 
formed  on  the  crest  of  the  bar  at  Pass  ^  Loutre.  Eleven  and  one-fifth 
days'  work  were  done  by  the  Essayons  during  February.  She  was 
prevented  from  working  during  the  remainder  of  the  month  by  thick  fogs, 
taking  in  coal,  and  making  repairs.  Two  blades  of  the  forward  screw 
were  broken  off'  on  the  9th.  The  depth  of  water  over  the  bar  was 
increased  from  eleven  leet  six  inches  to  fourteen  feet. 

"In  March,  six  and  one-half  days'  work  were  performed,  and  by  it  the 
depth  of  channel  increased  to  fifteen  feet.  Operations  were  very  much 
hindered  by  fogs.  On  the  29th,  another  blade  of  the  forward  screw  was 
broken,  leaving  but  one  for  service,  and  in  consequence  the  vessel  was 
again  taken  to  New  Orleans  for  repair  of  screw,  and  did  not  return  to 
Pass  ^  Loutre  until  the  20th  of  April.  During  her  absence,  the  channel 
filled  to  fourteen  feet  six  inches. 

"During  April,  after  her  return  to  Pass  k  Loutre,  the  Essayons  wjbls 
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prevented  by  thick  and  continnons  fogs  from  working  bnt  one  and  one* 
half  days.    On  the  28th,  one  blade  was  broken  off  the  forward  screw. 

"In  May,  the  depth  of  water  was  Increased  to  seventeen  feet  four 
inches  by  fifteen  and  one-half  days'  work;  the  remainder  of  the  month 
was  taken  up  in  coaling  and  repairing  scrai)er  tackle. 

"In  June,  thirteen  days'  work  increased  the  depth  of  water  throughout 
the  channel  formed  by  the  Essayons  to  seventeen  feet  eight  inches,  as 
shown  by  survey  made  on  the  18th,  at  which  date  work  was  virtually 
suspended." 

On  the  28th,  while  helping  a  very  heavy  vessel  over  the  bar,  another 
blade  of  the  forward  screw  was  broken,  and,  on  inspection,  the  vessel 
was  found  unfit  for  further  work  until  thoroughly  overhauled  and 
repaired. 

I  sum  up  the  time  actually  employed  in  work  on  the  bar  at  Pass  & 
Loutre  and  the  results  as  follows: 

From  the  3d  of  September,  1868,  to  the  3d  of  February,  1869,  out  of 
153  days,  only  11|  days'  work  with  the  dredging  screw,  and  16  days' 
additional  with  the  rake.    The  condition  of  the  bar  not  improved. 

From  the  3d  of  February  to  the  18th  of  June,  1869, 135  days,  with  57f 
days'  work  on  the  bar,  resulting  in  a  clear,  direct  channel  across  the 
bar  175  feet  wide  at  its  narrowest  part,  and  giving  seventeen  feet  eight 
inches  as  least  depth  of  water.  The  increase  in  depth  at  the  crest  of 
the  bar  was  six  feet  two  inches. 

From  this  showing  it  may  be  fairly  inferred  that  continuous  work 
would  have  cleared  a  channel  giving  twenty  feet,  (the  full  depth  to 
which  the  Essayons  can  work.) 

During  the  first  half  of  the  fiscal  year,  the  steam  machinery  of  th'e 
Essayons  gave  great  trouble,  but  after  the  1st  of  January,  1869,  worked 
in  the  most  satisfactory  manner,  leaving  but  fe\^  alterations  to  desire. 

The'greatest  difficulty  and  delay  arose  from  the  frequent  and  unavoid- 
able breaking  of  the  blades  in  the  dredging  screw. 

These  blades  being  made  of  cast  iron,  having  a  lever  arm  of  six  feet 
revolving,  when  at  work,  with  a  circumference  velocity  of  twenty  feet 
per  second,  and  being  subject  to  frequent  severe  shocks  from  striking 
mud  lumps,  timber  imbedded  in  the  sand,  and  ballast  deposited  on  the 
bar  by  vessels  lightening  over,  were  necessarily  the  most  liable  to 
accidents  of  any  portion  of  the  vessel,  and,  at  the  same  time,  the  most 
troublesome  to  replace. 

During  the  year  ten  of  these  blades  were  broken,  as  above  indicated, 
and  during  nearly  the  whole  of  the  working  time  reported,  but  two 
blades  in  the  dredging  screw  were  serviceable. 

The  substitution  of  the  new  blades  for  those  broken  several  times 
necessitated  docking  the  vessel,  at  an  average  expense  of  $700  per 
blade,  not  including  cost  of  new  blade. 

To  avoid,  if  possible,  future  expense  and  delay  in  the  work,  (which 
cannot  be  avoided  with  the  screw  as  at  present  constructed,)  it  is 
recommended  to  substitute  for  the  screw  now  in  use  one  of  greater 
strength,  the  additional  strength  to  be  gained  by  casting  the  blades  of 
Bessemer  st-eel,  and  by  modifying  the  form  of  the  blades  and  hull  so  as 
to  give  a  greater  cross-section  to  the  pintle  of  the  blade  at  the  point 
subject  to  the  greatest  strain. 

The  shaft  boxes,  through  the  dead  wood,  are  arranged  to  admit  water 
from  the  outside  for  the  purpose  of  cooling  the  shaft.  This  wat^r,  while 
the  vessel  is  working,  is  AiU  of  mud  and  sand  stirred  up  from  the  bottom 
of  the  river  by  the  screw,  and  causes  the  rapid  wear  of  both  shaft  and 
packing.    So  great  has  been  the  damage  from«this  cause  that  I  do  not 
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consider  it  safe  to  work  the  forward  screw,  until  tlie  packing  (and  it  is 
presumed  the  brass  bearings  of  the  shaft)  are  renewed.  I  propose,  as  a 
remedy  for  this  defect,  to  close  the  end  of  the  shaft  box  and  carry  surface 
water  through  iron  pipes  from  amidships,  to  give  the  necessary  supply ; 
the  water  after  use  to  be  discharged  inside  the  vessel  and  pumped  out 
with  the  bilge- water. 

The  rake  designed  to  aid  the  screw  in  stirring  up  the  material  of  the 
bar  is  not  of  sufficient  weight  or  length  to  be  most  eftective,  and  should 
be  so  constructed  as  to  scrai)e  or  carry  as  well  as  loosen.  The  vessel 
has  a  surplus  of  power  that  can  be  used  to  advantage  in  this  manner. 

As  now  arranged,  the  rake  engine  and  the  pumps  are  worked  direct 
from  the  main  boilers  and  to  a  disadvantage,  owing  to  the  low  pressure 
under  which  the  latter  are  run;  not  only  one  half  the  power  of  the  rake 
engine  can  be  developed  with  low  pressure  feed,  and  in  consequence 
the  handling  of  the  rake  has  not  been  as  rapid  as  could  be  desired.  It 
is  often  necessary  to  run  the  pumps  after  working  hours,  and  to  keep  up 
steam  in  one  of  the  boilers  to  do  so,  at  considerable  expense  for  fuel, 
and  with  additional  we^r  of  boilers,  which  is  an  item  of  importance  in 
view  of  the  gi-eat  cost  and  short  lives  of  marine  boilers  in  Mississippi 
Kiver  water.  The  useful  effect  of  one  boiler  is  taken  from  the  main 
engines  during  the  whole  time  of  work.  From  consideration  of  the  above, 
I  would  recommend  a  high  pressure  doukey  boiler,  placed  in  one  of  the 
after  coal  bunkers,  and  drawing  through  the  main  chimney,  for  the  use 
of  the  pumps  and  rake  engine. 

I  would  also  recommend,  should  the  rake  engine  now  in  use  not  give 
sufficient  power  with  high  pressure  feed,  the  substitution  for  it  of  an 
engine  of  fifteen  horse-power. 

The  present  cabin  is  not  large  enough  for  the  proper  accommodation  of 
the  officers  of  the  vessel.  I  propose  three  additional  state-rooms  to  be  built 
over  those  now  in  use,  and  in  extension  of  the  two  pilot-houses.    • 

The  foregoing  are  the  only  important  modifications  and  additions  I 
have  to  recommend  at  present;  others  will  no  doubt  be  suggested  when 
the  vessel  is  thoroughly  overhauled,  as  is  proposed  to  be  done  this  sum- 
mer. General  repairs  to  hull  and  machinery  are  necessary,  and  have 
been  specified  in  previous  report. 

The  distance  of  Pass  k  Loutre  from  a  coal  market,  together  with  the 
difficulty  and  expense  which  would  attend  the  construction  of  a  coal 
depot  within  a  desirable  distance  of  the  work  to  be  done  by  the  Essa- 
yons,  led  to  the  purchase  by  General  McAlister,  in  April,  1868,  of  the 
two-masted  barge  Cavallo,  measuring  212.54  tons,  as  a  tender.  This 
barge  has,  since  her  purchase,  been  constantly  employed  in  supplying  the 
Essay ons  with  coal  from  New  Orleans,  and  for  the  storage  of  supplies  of 
all  kinds  required  on  the  work  at  Pass  k  Loutre.  Her  services  have 
been  of  great  value,  both  on  the  score  of  economy  in  the  items  of  trans- 
portation and  storage,  and  in  the  facilities  she  has  afforded  for  carrying 
on  the  work  regularly.    She  was  purchased  for  $5,000. 

I  would  recommend  that  as  soon  as  it  can  be  done  without  extra 
expense  she  be  hauled  up  on  the  ways  and  her  bottom  examined  and 
repaired.  It  will  probably  be  necessary  to  sheathe  her  either  with  wood 
or  zinc,  as  she  has  not  been  out  of  the  water  for  nearly  a  year  and  must 
be  worm  eaten;  how  badly  cannot  be  determined  until  she  is  taken 
out. 

The  frequent  accidents  to  the  dredging  screw  of  the  Essayons,  which 
necessitated  entering  a  dry  dock  for  repairs  several  times  during  the 
fiscal  year,  were  taken  advantage  of  by  the  Dry-dock  Association  of  New 
Orleans  to  extort  an  exorbitant  rate  for  dockage  from  the  government 
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The  Essayon.s  was  classed  as  an  extraordinary  vessel,  and  charged 
doable  rates,  or  $812  for  entrance,  instead  of  being  taken  at  regular  rates 
and  charged  for  tonnage  over  her  measurements,  as  is  the  custom  when 
merchant  vessels  load^  are  taken  up. 

To  protect  the  government  from  this  imposition.  Brevet  Colonel  P.  B. 
Prime  (then  in  charge  of  this  work)  contracted  for  an  end  dock,  which  was 
built  at  an  expense  of  $2,000,  and  was  ready  for  use  April  9, 1869,  since 
which  date  her  services  have  nearly  repaid  her  cost.  It  will  be  neces- 
sary to  partially  recaalk  her  above  the  water-line,  at  slight  expense.  She 
is  now  in  good  condition  with  but  a  few  seams  open. 

I  cannot  too  earnestly  recommend  the  completion  of  Gren.  McAlester's 
plans  for  this  work,  by  the  early  construction  of  a  vessel  similar  to  the 
Essayons,  but  of  deeper  draught,  to  take  the  place  of  the  latter  when 
disabled,  and  make  the  work  continuous. 

This  recommendation  of  General  McAlester  has  gained  weight  from 
the  experience  of  the  past  year,  and  there  can  now  be  no  doubt  of  the 
successful  opening  of  the  Mississippi  River  to  vessels  drawing  twenty- 
four  feet,  if  his  plans  are  fully  carried  out. 

Another  rcommendation  made  by  Greneral  McAlester  I  would  again 
call  to  your  attention  as  of  the  first  importance,  having  in  view  the 
proper  preservation  of  the  chanuel  after  it  is  formed.  I  refer  to  the 
appointment  of  some  person  officially  charged  with  regulating  the  time, 
order,  and  manner  in  which  vessels  shall  make  use  of  l^e  channel  across 
the  bar,  and  with  lighting  the  buoys  at  night. 

I  would  suggest  as  important  regulations  that  '^^ut  one  vessel  at  a 
time  be  permitted  over  the  bar,"  and  that  sailing  vessels  be  required  to 
take  a  tow  both  in  and  out.  The  object  in  view  is  the  preservation  of 
grounding  on  the  sides  of  the  channel,  and  either  blockading  or  shifting 
it  from  its  present  direct  course. 

I  may  here  explain,  in  further  support  of  the  recommendation,  that 
certain  unscrupulous  parties  interested  in  maintaining  the  intricate  and 
difficult  entrance  via  South  West  Pass,  without  the  check  proposed, 
will  at  any  time  have  it  in  their  power  to  temiwrarily  blockade  Pass  4 
Loutre,  to  the  great  inconvenience  of  commerce  and  hindrance  of  the 
work. 

The  commerce  of  New  Orleans  has  been  for  so  long  a  time  dependent 
on  the  navigation  of  South  West  Pass,  and  on  the  pilots  and  tow-boat 
association  controlling  it,  that  ship-owners  and  shipping  agents  are  slow 
to  grasp  the  advantages  offered  by  the  work  at  Pass  ^  Loutre. 

On  taking  charge  of  this  work  in  June,  1869, 1  found  that  not  one 
vessel  of  considerable  draught  had  essayed  the  channel  formed  by  the 
Essayons,  although  during  tlie  entire  month  of  May  seventeen  feet  clear, 
and  a  direct  channel  175  feet  wide,  had  been  publicly  reported  by  the  officer 
in  charge  as  available  at  Pass  it,  Loutre. 

The  actions  of  owners  and  agents  was  accounted  for  in  two  ways: 

1.  The  tow-boat  association,  if  they  could  avoid  it,  would  not  send 
their  boats  or  tows  via  Pass  k  Loutre,  and  masters  would  not  return 
through  that  pass  without  having  assistance  at  hand,  for  fear  of  ground- 
ing. 

2.  The  South  West  Pass  pilots  and  tow-boat  association  persistently 
misrepresented  the  condition  of  Pass  k  Loutre,  and  their  reports  gained 
credence  with  many,  in  preference  to  the  reports  of  the  officer  in  charge 
of  this  work. 

For  the  purpose  of  refuting  in  an  unanswerable  manner  these  false 
reports,  and  showing  the  value  and  amount  of  work  done  by  the  Essa- 
yons, her  roaster  (Captain  Putnam)  received  orders  to  tow  out  or  in  aU 
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vessels  that  might  present  themselves  at  Pass  k  Loatre.  At  the  same 
time  arrangements  were  privately  made  for  sending  a  few  such  out.  As 
the  result  I  have  to  report  as  follows: 

On  the  17th  of  June  the  steamship  Concordia,  drawing  17  feet  8  inches, 
passed  out  without  assistance  and  without  detention. 

On  the  18th  the  bark  Britannia  sailed  in,  drawing  17  feet. 

Other  vessels  followed  as  indicated  below,  viz : 

June  20. — Steamship  United  States,  in,  drawing  16  feet. 

June  23. — Ship  Wm.  Woodbury,  out,  drawing  17  feet  10  inches. 

June  24. — Ship  Polar  Star,  out,  drawing  17  feet. 

June  25. — Ship  Lizzie  Moses,  out,  drawing  18  fc^t  3  inches. 

June  26. — Ship  Perseverence,  out,  drawing  17  feet  10  inches. 

June  26. — Steamship  Cromwell,  out,  drawing  16  feet  6  inches. 

June  27. — Steamship  Geo.  Washington,  in,  drawing  16  feet  10  inches 

Juue  30. — Steamship  Kensington,  in,  drawing  15  feet  6  inches. 

June  26. — Steamship  Tranquebar,  out^  drawing  18  feet  9  inches. 

This  latter  vessel  grounded  in  mid-channel,  and  remained  nine  days, 
within  a  few  feet  of  deep  water;  during  that  time  a  good  but  narrow 
channel,  seventeen  feet  deep,  was  available  on  each  side  of  her.  Her 
grounding  is  directly  traceable  to  the  carelessness  or  intention  of  the 
pilot  aboard,  who  tried  to  carry  her  through  at  low  tide,  instead  of  wait- 
ing for  the  flood,  when  she  could  have  gone  over  without  trouble.  An 
authorized  government  officer  on  hand,  to  have  directed  her  crossing, 
would  have  prevented  detention  of  the  ship  and  damage  to  the  channel. 

By  the  practical  demonstration  reported  above,  the  work  at  Pass 
k  Loutre  was  placed  before  the  public  in  its  true  light,  and  the  object  in 
making  it  gained. 

I  submit  the  following  information  relating  to  paragraphs  11  and  m, 
circular  of  June  10, 18^. 

II.  (3.)  The  following  amount  can  be  profitably  expended  on  the  work 
during  the  present  fiscal  year : 

For  providing  the  second  of  the  two  dredge-boats  author- 
ized by  the  joint  resolution  of  Congress,  approved  March 

29, 1867 $275, 000  00 

For  working  expenses,  repairs,  and  alterations  of  Essayons      70, 000  00 
For  working  expenses  and  repairs  of  dredge-boat  No.  2, 
from  1st  of  April,  1870,  to  June  30, 1870,  (3  months) 20, 000  00 

Total 366,000  00 


For  the  year  ending  June  30, 1871,  will  probably  be  required 
for  working  expenses  and  repairs  of  two  dredge-boats 
the  sum  of $125, 000  00 

II.  (4  and  5.)  The  work  is  located  in  the  collection  district  of  New  Or- 
leans, Louisiana,  and  near  the  light-house  of  Pass  4  Loutre,  mouth  of 
the  Mississippi  Eiver. 

(6  and  7.)  See  statement  appended  marked  A. 
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(11.)  Statement  of  eash. 

Amount  avaUable  from  fiscal  year  ending  June  30, 1868. .    $36, 000  00 
Additional allotmeut for  1868 and  1869 50,000  00 

Avaaable  for  year  ending  June  30, 1869. 86, 000  00 

Withheld  for  payment  of  internal  revenue 450  00 

85, 550  00 
Total  drawn  duringflscal  year 69, 500  00 

Amount  available  June  30, 1869 16, 050  00 

Deduct  outstanding  indebtedness 3, 162  49 

Available  for  year  ending  June  30, 1870 12, 887  51 

Additional  allotment  for  1869  and  1870 :..      45,000  00 

Amount  available  for  1869  and  1870 67,887  61 

Amount  required  for  the  year  ending  June  30, 1870 $365, 000  00 

Amount  estimated  for  the  year  ending  June  30,  1871 125, 000  00 

in.  This  does  not  admit  of  permanent  completion. 
In  order  to  maintain,  at  all  seasons  of  the  year,  a  channel  depth  of 
twenty  feet  across  the  bar  at  Pass  k  Loutre,  an  annual  expenditure  of 
$125,000  will  be  required  j  of  which  amount,  $100,000  is  estimated  for 
the  working  expenses  of  tw^o  dredge-boats,  and  $25,000  for  necessary 
repairs,  buoys,  and  contingencies. 
All  of  which  is  very  respectfully  submitted. 

C.  W.  HOWELL, 
Captain  of  Engineers  and  Brevet  Major  U.  8.  A, 

Bvt.  Maj.  Gen.  A.  As  Humphreys, 

Brig.  Oen.  and  Chief  of  Engineers  U.  8.  A.,  Washingtonj  D.  0. 


Statement  of  commereey  to  the  benefit  of  which  the  work  for  the  improvement 
o)  the  mouth  of  the  Mississippi  Eiver  contributed^  during  the  fiscal  year 
ending  June  30, 1869. 

Ifew  Orleans,  Louisiana^  is  the  collection  district  in  which  the  work 
is  located.    The  work  is  situated  near  light-house  at  Pass  k  Loutre. 

Number  of  entrances  of  sail  and  steam  vessels 1, 667 

Number  of  clearances  of  sail  and  steam  vessels 1, 968 

Total  number  of  entrances  and  clearances 3, 635 

Total  tonnage  of  vessels  entering  and  clearing 2, 582, 764  49 

Total  value  of  imports,  specie- free  and  dutiable $11, 775, 553  00 

Total  value  of  exports  of  domestic  commodities  to  for- 
eign couiitries $75, 128, 932  00 

Total  value  of  exports  of  foreign  merchandise  to  foreign 
countries 754, 858  00 

Grand  total  value  of  exports 75, 883, 790  00 
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Amonnt  of  revenue  collected  as  duties  on  imports 

during  the  fiscal  year $4, 263, 385  14 

I  certify  this  to  be  a  correct  statement,  and  from  the  best  information 
I  have  been  able  to  obtain. 

C.  W.  HOWELL, 
Captain  of  Engineers  and  Brevet  Major  TJ,  8.  A. 


Appendix  K. 


IJnite])  States  Engineer  Office, 
Comer  Sotiston  and  Oreene  Streets,  N,  Y.j  Jantuiry  29, 1869. 

General  :  I  have  the  honor  to  report  the  completion  of  the  survey 
and  examinatioh  of  the  mouth  of  St.  John's  Biver,  executed  in  compliance 
with  instructions  from  Headquarters  Corps  of  Engineers,  dated  July  27, 
1808,  with  a  view  to  meet  a  request  made  by  the  United  States  Senate 
Committee  on  Commerce,  for  "estimates  of  the  expense  of  deepening 
the  channel  at  the  mouth  of  St.  John's  Biver,  Florida,  so  that  it  will 
answer  tlie  demands  of  commerce.'' 

A  chart  of  that  portion  of  the  river  and  shore  lines  embraced  within 
the  limits  of  the  instrumental  survey,  including  the  whole  of  the  bar  at 
its  mouth,  is  nearly  finished,  and  will  be  transmitted  to  the  Chief  of  Engi- 
neers in  a  few  days.  All  the  information  furnished  by  the  survey 
having  already  become  available,  I  deem  it  proper  to  submit  this  report 
at  once,  in  order  that  the  purpose  for  which  the  survey  was  ordered 
may  not  be  unnecessarily  delayed.  The  general  direction  of  St.  John's 
Eiver  from  its  mouth,  situated  in  latitude  30°  20J'  north  to  Jacksonville, 
a  distance  of  about  twenty-five  miles,  is  east  and  west.  Above^ Jackson- 
ville as  far  as  Pilatka,  one  hundred  and  twenty-five  miles  from  the  mouth, 
it  lies  nearly  north  and  south,  being  parallel  with  the  main  coast  and 
about  twenty  miles  from  it. 

"For  nearly  one  hundred  miles  from  its  mouth  it  forms  a  wide 
sluggish  sheet  of  water,  more  resembling  a  lagoon  than  a  river,"  the 
distance  from  shore  to  shore  in  some  places  being  frilly  five  miles. 

The  currents  in  the  river  are  apparently  but  slightly  influenced  by 
freshets,  even  during  the  rainy  season,  and  where  most  active  near  the 
mouth,  are  without  doubt  principally  due  to  the  tidal  wave. 

The  waters  of  the  river  are  never  turbid  like  those  of  the  Mississippi, 
or  like  the  Altamaha  and  Santee  in  certain  seasons,  and  they  do  not, 
even  when  there  is  a  conjunction  of  strong  westerly  winds  and  freshets, 
exert  any  considerable  agency  in  the  formation  of  the  bar  at  the  mouth 
of  the  stream,  by  the  deposit  of  sediment  brought  down  from  the  interior. 
The  ftfVerage  velocity  of  the  ebb  current,  when  the  river  is  most  swollen, 
would  doubtless  bear  a  very  considerable  acceleration,  without  produ- 
cing any  injurious  results  by  deposits.  On  the  bar  at  the  present  time 
there  is  a  minimum  depth  of  seven  feet  of  water  at  mean  low  tide,  with  an 
average  rise  and  fall  of  5.4  feet.  After  once  passing  the  bar  a  vessel  can 
carry,  on  the  flood,  from  fourteen  to  fifteen  feet  of  water  to  Jacksonville, 
where  the  rise  and  fall  is  only  one  foot.  A  depth  of  ten  fe^t  may  be 
carried  to  Pilatka  and  eight  feet  to  Lake  George,  while  small  steamers 
ply  much  higher  up.  The  area  of  the  water-way  at  quarantine,  which  is 
at  the  mouth  of  the  river  just  within  the  point  where  it  begins  to  widen 
out  into  the  ocean,  is  37,625  square  feet,  with  a  high- water  width  of 
1,750  feet ;  while  on  the  bar,  estimated  along  its  crest  line  or  curve  of 
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least  soundings,  from  shore  to  shore,  the  wateivway  measures  177,941 
square  feet,  with  a  width  of  16,630  feet. 

METHOD  OP  IMPROVEMENT  BY  STRAIGHTENINa  THE  STREA.M. 

It  was  perhaps  the  freedom  of  the  stream  from  sediment,  and  practi- 
cally from  all  currents  except  those  caused  by  the  ebb  and  flow  of  the 
tide,  taken  in  connection  with  the  circumstance  that  there  are  short 
curves  in  the  channel  between  Jacksonville  and  the  mouth  of  the  river, 
that  suggested,  some  years  ago,  a  method  of  improvement  by  staightening 
the  water-way  at  those  curves,  in  order  to  facilitate  the  inward,  and 
consequently  the  outward  flow  of  the  tide.  It  was  assumed  that  any 
device  which  should  cause  the  tidal  wave  to  ascend  to  a  higher 
point  on  the  river  than  it  had  ordinarily  attained  before,  thereby 
increasing  the  volume  of  water  flowing  in  over  the  bar,  yvould  propor- 
tionally increase  the  duration  of  high- water  navigation,  as  weU  as  the 
velocity  and  scouring  effect  of  the  retiring  cun'ent,  and  would  also 
enlarge  the  area  of  the  water-way  on  the  bar.  Buc  whether  this 
enlargement  of  water-way  would  take  place  in  the  channel  to  such 
degree  as  would  secure  the  desired  depth  of  the  water  on  the  bar,  or 
would  be  distributed  principally  over  the  shoals  between  the  channel 
and  the  shore  on  either  side,  producing  little  useful  eii'ect  where  most 
needed,  are  questions  surrounded  with  such  doubt  and  uncertainty  a-s 
to  render  this  method  of  improvement  inexpedient,  in  my  judgment, 
until  some  other  plan  has  been  tried  without  adequate  success.  More- 
over, the  survey  and  examination  just  completed  did  not,  for  want  of 
sufiicient  time,  embrace  within  its  limits  those  portions  of  the  river 
which  would  require  to  be  straightened,  and  I  am  not  therefore  prepared 
to  submit  estimates  of  the  cost  of  this  method  of  improvement.  It  does 
not,  however,  seem  to  promise  any  certain  and  permanent  advantage  to 
navigation  on  the  bar,  while  upon  the  shoals  and  curves  above  the  bar 
within  the  limit  reached  by  the  increased  tidal  wave  it  would  doubtless 
prove  beneficial. 

IMPROVEMENT  BY  MEANS  OF  PIERS  AT  THE  MOUTH. 

The  channel-way  over  the  bar  is  subject  to  very  great  and  sometimes 
sudden  and  apparently  capricious  changes  in  one  or  in  all  of  the  essen- 
tial features  of  depth,  direction,  and  position.  To  a  close  observer  the 
causes  of  these  changes  admit  of  an  easy  and  satisfactory  solution. 
They  depend  almost  entirely,  for  their  extent  and  character,  upon  the 
force  and  direction  of  the  wind.  The  only  other  varying  cause,  not 
recurring  at  regular  intervals  under  some  known  law,  like  the  tides,  is 
the  influence  of  freshets  upon  the  current  of  the  river.  This,  if  not 
practically  inappreciable,  can  have  no  important  bearing  upon*  any 
plan  of  improvement  to  be  applied  at  the  mouth  of  the  river. 

During  the  prevalence  of  strong  westerly  winds  of  considerable  dura- 
tion, the  velocity  of  the  ebb  current  is  greatly  increased,  and  it  runs 
for  seventeen  or  eighteen  hours  out  of  the  twenty-four,  and  sometimes 
longer.  The  result  is  an  increased  depth  of  water  in  the  channel  on  the 
bar,  produced  conjointly  by  the  scouring  effect  of  the  increased  outgoing 
current,  and  by  preventing  the  deposition  of  sand  thrown  into  momentary 
suspension  by  the  waves  of  the  sea.  Under  these  circumstances  the 
channel  has  been  known  to  attain  a  depth  of  eight  feet  at  mean  low 
water;  and  whether  any  other  change  would  be  effected  in  a  given  case, 
would  depend  on  whether  the  existing  direction  and  position  of  the 
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chanDel  were  established  mainly  daring  the  prevalence  of  westerly  winds, 
or  otherwise. 

When  the  wind  blows  off  the  oce^ui  other  phenomena  are  observed. 
It  is  known  from  observation  that,  in  the  shallow  portions  of  the  water- 
way over  the  bar,  that  is,  upon  the  shoals  or  spits  which  extend  oat 
from  the  main  shore  on  either  side,  the  outward  current  runs  with  less 
velocity  than  in  the  channel,  and  ceases  with  the  commencement  of  the 
flood,  or  very  soon  after;  also,  that  upon  the  north  shoal,  near  the  shore 
line,  there  is  a  strong  eddy  auring  the  first  quarter  of  the  ebb,  setting 
due  south  at  the  rate  of  one  knot.  In  the  channel- way  the  ebb  current 
runs,  according  to  the  force  and  direction  of  the  wind,  from  one  and  a 
half  to  three  hours  aft^er  the  flood  begins.  Along  shore  outside  the  bar 
there  is  a  current,  not  exceeding  half  a  knot  in  mild  weather,  setting  to 
the  southward  during  the  flood,  and  to  the  northward  during  the  ebb ; 
but  these  currents  may  be  destroyed  or  even  reversed  by  the  wind. 

During  the  prevalence  of  high  northerly  or  northeasterly  winds  a 
current  sets  t<>  the  southward  along  the  outer  edge  of  the  shoal,  the  force 
of  the  river  ebb  is  deadened,  and  a  portion  of  the  sand  thrown  up  by  the 
waves  of  the  ocean  inside  the  sea  buoy,  and  especially  by  the  ceaseless 
breakers  on  the  north  spit,  is  deposited  and  remains  in  the  channel.  At 
the  same  time  the  sand  set  in  motion  by  the  waves  on  the  south  spit  is 
carried  to  the  southward.  The  natural  results  are  that  the  channel  way 
is  moved  to  the  southward  with  shallowed  soundings,  the  extent  of  both 
elements  of  change  depending  greatly  upon  the  force  and  duration  of 
the  wind.  With  strong  southeasterly  winds,  on  the  contrary,  the  channel 
is  forced  to  the  northward,  accompanied,  as  before,  with  a  diminished 
depth  of  water.  A  plan  of  improvement  which  naturally  suggests 
itself  in  the  presence  of  these  facts  is,  to  confine  the  waters  which  now 
flow  into  the  ocean  over  the  shoals  and  through  the  bar  channel 
dispersed  over  a  water  way  16,630  feet  in  width,  so  that  they  will  )>% 
compelled  to  make  their  exit  within  narrower  limits,  and  consequeatly 
with  increased  velocity,  the  object  being  to  create  an  ebb  current  of 
sufficient  force  to  scour  out  the  channel  to  the  requisite  depth,  and,  of 
course,  prevent  the  deposits  which  now  take  place  under  the  influence 
of  high,  long-continued  winds  blowing  toward  the  land. 

It  appears  that  this  scheme  could  be  applied  with  reasonable  prom- 
ise of  success,  by  constructing  a  pier  or  breakwater  along  the  north 
side  of  the  channel,  and  in  its  general  direction  parallel  thereto,  extend- 
ing from  the  shore  to  the  existing  bar,  approaching  the  outer  edge 
thereof  as  nearly  as  practicable. 

A  project  of  this  character  was  discussed,  and,  I  believe,  recommended 
by  a  commission  over  fourteen  years  ago,  but  was  never  undertaken  in 
consequence  perhaps  of  its  great  cost,  and  some  doubts  of  its  feasibility 
entertained  by  those  who  proposed  it.  The  same  objections  to  it  exist 
at  tlie  present  time,  and  its  estimated  cost  of  $196,000  in  1854  would 
have  to  be  increased  to  at  least  $300,000,  to  meet  the  advance  in  all 
kinds  of  material  and  labor.  Moreover,  no  considerable  benefit  would 
be  derive  1  from  the  adoption  of  this  project  much  short  of  its  entire 
completion,  and  not  within  an  expenditure  of  at  least  $200,000  to 
$225,000.    For  these  reasons  I  cannot  recommend  this  plan. 

mPBOVEMENT  BY  OLOSINa  THE  MOUTH  OP  FOBT  GEORGE  INLET. 

Dr.  A.  S.  Baldwin,  a  citizen  of  Jacksonville,  has  for  many  years  con- 
fidently advocated  closing  the  mouth  of  Fort  (xeorge  Inlet,  as  offering 
a  sure  remedy  for  all  the  evils  growing  out  of  the  inadequate  depth  of 
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water  on  St.  John's  bar.  Dr.  Baldwin's  theory,  if  I  understand  it,  rests 
upon  the  assertion,  or  perhaps  the  circumstance,  that  there  is  on  each 
tide  an  interchange  of  waters  in  large  volumes  between  St.  John's  Kiver 
and  Fort  George  Inlet;  that  the  waters  thus  exchanged  flow  through 
swash  channels,  and  otherwise  over  the  north  shoal,  and  not  around  by  the 
main  channel  across  the  bar,  and  that  while  this  flow  is  taking  place 
from  the  river  to  the  inlet,  that  is,  during  the  ebb  tide,  it  increases  the 
outward  current  over  the  shoal,  thereby  still  ftirther  diminishing  the 
volume  of  water  which  would  otherwise  pass  out  by  the  main  channel. 
As  already  stated,  the  flood  current  in  the  inlet  begins  with  the  flood 
tide  or  thereabouts,  and  from  one  and  a  half  to  three  hours  before  the 
ebb  current  ceases  in  the  river  at  the  bar,  and  perhaps  a  short  time  before 
it  ceases  on  the  north  shoal,  and  it  may  be,  and  probably  is  tnie,  that 
during  this  interval  a  portion  of  the  river  waters  flows  out  over  the 
north  shoal  near  the  shore,  and  thence  into  the  inlet.  But  I  cannot  cou: 
cede  the  conclusion  assumed  by  Dr.  Baldwin,  that  if  the  mouth  of  the 
inlet  be  closed  these  waters  would  not  continue  to  pass  out  over  the 
north  shoal  and  thence  into  thepcean,  but  would  naturally  and  of  neces- 
sity flow  over  the  bar  channel,  thereby  adding  to  the  velocity  and 
scouring  effect  of  the  ebb  current.  In  my  judgment,  therefore,  closing 
the  inlet  does  not  offer  a  certain  or  even  a  probable  remedy  for  the  e\ils 
complained  of. 

METHOD  NOW  PROPOSED,  BY  BEPEATBD  DREDGING,  OB  RAKING  ON 

THE  BAB. 

In  my  judgment,  any  project  for  improving  the  navigation  at  the 
mouth  of  St.  John's  River  should  be  of  a  character  to  insure  immediate 
results,  proportional,  within  quite  narrow  limits,  to  the  amount  expended 
in  its  execution,  and  not  requiring  a  large  outlay  of  money  to  test  the 
value  of  problematical  devices.  These  considerations  possess  special 
importance  at  the  present  timie,  when  the  exercise  of  a  rigid  economy  in 
every  department  of  the  general  government  is  a  necessity  as  well  as  a 
duty,  and  when  all  expenditures  for  public  works  should  be  based  upon 
the  most  advantageous  adaptation  of  means  to  an  end.  Other  things 
being  equal,  that  method  is  the  best  which  will  soonest  afford  the  needed 
relief,  especially  if  it  be  susceptible  of  fair  and  thorough  trial  at  a  mod- 
erate cost,  and  of  prompt  and  entire  suspension  without  loss  or  damage 
in  default  of  adequate  success.  It  is  submitted  that  the  simple  plan  of 
deepening  the  channel  by  repeated  dredgings  or  rakings  during  the 
strongest  stage  of  the  ebb  current,  promising,  as  it  does,  at  least  a  fair 
measure  of  success  at  comparatively  small  cost,  should  be  first  tided  in 
preference  to  either  of  the  projects  hereinabove  discussed.  The  pecu- 
liar formation  of  the  bar  favors  the  plan  proposed,  being  very  steep  at 
its  outer  edge,  so  that  the  sand  thrown  into  suspension  by  the  repeated 
use  of  the  rake  or  dredge,  and  borne  along  by  the  ebb  current  after 
each  disturbance,  would  soon  lose  itself  in  deep  water. 

It  is  believed  that  a  constant  minimum  depth  of  at  least  10  feet  at 
mean  low  water,  with  a  width  sufficient  for  the  purposes  of  navigation, 
may  be  secured  on  the  bar  at  a  cost  not  exceeding  $10,000  per  year. 
This  would  give  a  depth  of  15,^  feet  at  ordinary  high  water,  and  enable 
vessels  drawing  fully  14  feet  of  water  to  cross  the  bar,  even  in  rough 
weather,  without  striking.  With  the  ordinary  swell  of  the  ocean  in 
mild  weather  14J  to  15  feet  could  be  carried  in  with  safety.  Vessels  of 
greater  draught  cannot  reach  Jacksonville. 

A  responsible  party,  now  engaged  in  the  towing  business  on  St.  John's 
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Eiver,  has  expressed  a  willingness  to  undertake  the  work  by  contract 
tipon  the  terms  above  named ;  that  is,  to  secure  and  maintain  for  practi- 
cal use  an  additional  depth  of  three  feet  on  the  bar,  for  $10,000  a  year, 
the  payment  to  be  strictly  contingent  on  the  successful  execution  of 
the  agreement  according  to  all  its  terms  and  conditions. 

For  the  reasons  thus  briefly  set  forth  I  estimate  that  the  expense  of 
deepening  the  channel  over  the  bar  "so  that  it  will  answer  the  demands 
of  commerce"  will  require  an  appropriation  of  $10,000,  for  the  first  year, 
and  perhaps  a  somewhat  less  amount  for  each  subsequent  year,  and  that 
the  merits  of  the  method  proposed  for  trial  may  be  ascertained  at  an 
expenditure  not  exceeding  $5,000. 

Very  respectfully,  your  obedient  servant, 

Q.  A.  GILLMORB, 
Major  of  Engineers^  Brevet  Major  General  U,  &  A. 

Bvt.  Maj.  Gen.  A.  A.  Humphreys, 

Brig.  Oen.  and  Chief  of  Engineers  U,  8.  A.,  Washingtonj  D.  (7. 


Headquarters  Corps  of  Engineers, 

Washingtan^  D.  C,  February  3, 1869. 

General:  In  compliance  with  the  request  of  the  Committee  on  Com- 
merce of  the  Senate  of  the  United  States,  on  the  23d  of  July  last,  that 
a  survey  should  be  made  with  a  view  to  obtaining  estimates  of  the 
expense  of  deepening  the  channel  at  the  mouth  of  the  St.  John's  River, 
Florida,  so  that  it  will  answer  the  demands  of  commerce,  I  transmit 
herewith  the  report  of  Brevet  Major  General  Q.  A.  GiUmore,  major  of 
engineers,  as  a  preliminary  to  a  morjB  full  and  complete  report  upon 
the  subject.  The  map  of  tiie  survey  is  not  yet  completed,  nor  have  the 
requirements  of  the  joint  resolution  of  Congress  of  July  23,  1868,  in 
reference  to  the  amount  of  commerce  to  be  benefited  by  the  improve- 
ment asked  for,  been  complied  with.  Copies  of  the  map  and  statements 
in  relation  to  commerce  will  be  forwarded  vben  received. 

The  project  proposed  by  General  Gillmore  for  increasing  the  depth  of 
water  on  the  bar  from  7  to  10  feet,  at  mean  low  water,  by  repeated 
dredging  or  raking,  seems  to  meet  the  present  wants  of  commerce  and 
na>'igation;  and  as  "a  responsible  party''  has  expressed  "a  willingness 
to  undertake  the  work  by  contract  upon  the  terms  above  named,  "that 
is,  to  secure  and  maintain"  for  practical  use  an  additional  depth  of  three 
feet  on  the  bar  for  $10,000  a  year,  the  payment  to  be  strictly  contingent 
on  the  successful  execution  of  the  agreement  according  to  all  its  terms 
and  conditions,"  I  see  no  objection  to  making  an  appropriation  of 
$10,000,  to  be  expended  subject  to  the  conditions  above  named.  The 
method  of  improving  the  depth  of  water  on  the  bar  should  be  considered 
as  purely  experimental;  and  if  it  be  successful  it  will  only  aiford  tem- 
porary relief,  for  experience  has  shown  that  the  channel  through  the 
bar  is  not  fixed,  but  is  ever  changing,  depending  upon  the  force^  and 
directions  of  the  storms ;  even  apart  from  the  consideration  of  the  eftects  of 
storms,  the  operation  of  deepening  must  be  continuous  to  maintain  the 
depth  when  once  secured. 

Yery  respectfully,  your  obedient  setvant, 

A.  A.  HUMPHEEYS, 
Brigadier  General  of  Engineers^  Commanding, 

Major  General  J.  M.  Schofield, 

Secretary  of  War. 
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Kl. 

United  States  Engineer  Office, 
Corner  Houston  and  Greene  Streets^  N.  T.,  February  8, 1869. 

General.:  In  reply  to  letter  from  headquarters  Corps  of  Engineers 
dated  January  30,  ultimo,  upon  the  subject  of  my  recent  report  on  the 
St.  John's  Eiver  improvement,  I  have  the  honor  to  make  the  following 
statement  as  supplementary  thereto,  showing  'Ho  what  extent  the  gen- 
eral commerce  of  the  country  will  be  promoted"  by  the  improvement  in 
question — that  is,  by  increasing  the  depth  of  water  on  the  St.  John's  bar 
to  such  degree  as  will  enable  vessels  drawing  fourteen  to  fifteen  feet  to 
pass  in  all  ordinary  weather. 

My  application  to  the  Bureau  of  Statistics  for  published  reports  con- 
taining the  required  information  having  met  with  no  response  during  an 
interval  of  six  days,  I  deem  it  proper  to  wait  no  longer^  but  to  submit 
what  reliable  data  I  have  been  able  to  collect  in  this  city  from  official 
and  other  sources. 

There  is  considerable  demand  for  Florida  lumber  in  the  West  Indies,  in- 
Brazil,  and  in  Europe,  which  it  is  always  difficult  and  sometimes  impos- 
sible to  supply  at  paying  rates  from  the  St.  John's  district,  for  the  reason 
that  vessels  carrying  large  freights  cannot  engage  in  the  business.  For 
the  coastwise  trade  from  the  same  cause,  there  is  a  difference  of  from 
one  to  two  dollars  per  thousand  in  the  freights,  in  favor  of  Brunswick 
and  Savannah  in  their  competition  with  the  lumber  trade  of  the  St.  John's 
region. 

A  vessel  of  three  hundred  and  thirty  tons  burden,  which  is  about  the 
average  capacity  of  those  engaged  in  the  St.  John's  River  trade,  cannot 
compete  successfully  with  one  capable  of  carrying  five  hundred  tons  in 
freighting  lumber  to  foreign  or  distant  home  ports. 

The  total  number  of  vessels  entering  and  leaving  St.  John's  River 
during  the  four  months  ending  on  the  31st  day  of  July,  1867,  is  officially 
reported  as  follows.  No  other  trustworthy  data  of  the  same  character 
for  a  longer  period  of  recent  date  have  been  obtained: 

Entered  in  four  months. 

Coastwise  trade — 87  vessels,  with  an  aggregate  tonnage  of  28,529. 
Foreign  trade— 3  vessels,  with  an  aggregate  tonnage  of  224. 

Cleared  in  four  montJis. 

Coastwise  trade — 95  vessels^  with  an  aggregate  tonnage  of  31,887. 
Foreign  trade — 9  vessels,  with  an  aggregate  tonnage  of  1,256. 

It  is  presumed  from  the  information  gathered  that  the  small  vessels 
engaged  in  the  foreign  trade  carried  oranges  exclusively,  and  that  the 
others  entered  light  as  a  general  thing,  and  cleared  with  a  cargo  of  lum- 
ber. At  the  same  rate,  excluding  the  small  vessels,  the  aggregate  for 
one  year  would  be  two  hundred  and  sixty-one  vessels  entered,  with  an 
aggregate  tonnage  of  eighty-five  thousand  five  hundred  and  eighty-seven 
tons,  and  two  hundred  and  eighty-five  vessels  cleared,  with  an  aggregate 
tonnage  of  ninety-five  thousand  six  hundred  and  sixty-one  tons.  It  is  the 
opinion  of  the  lumber-mill  owners  on  the  St.  John's  River,  which  should 
be  received  with  due  caution,  that  an  increase  of  the  depth  of  water  on 
the  St.  John's  bar  to  fourteen  and  one-half  to  fifteen  feet  at  ordinary  high 
tide,  would  almost  immediately  result  in  an  increase  of  thirty  to  fifty 
per  cent,  in  the  foreign  and  domestic  lumber  trade  of  that  region. 

There  are  at  the  present  time  in  operation  in  the  river  eight  or  ten 
saw-mills,  capable  of  producing  forty  to  fifty  million  feet  of  lumber  per 
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aDDuin.  The  yield  of  one  of  these  mills  during  the  year  1868  was  about 
six  million  feet,  of  which  five  million  were  shipped  to  home  and  foreign 
ports,  and  the  balance  consumed  in  the  neighborhood.  This  mill  is  now 
running  at  the  rate  of  twelve  million  feet  per  annum,  on  orders  for  home 
trade. 

The  lumber  is  valued  at  an  average  of  twenty  dollars  per  thousand 
feet  board  measure,  delivered  at  the  mills,  at  which  rate  an  annual 
I)roduct  of  forty  million  feet  would  be  worth  eight  hundred  thousand  dol- 
lars before  shipment.  One  and  one-quarter  per  cent,  of  this  sum  amounts 
to  ten  thousand  dollars,  which  is  the  estimated  yearly  cost  of  keeping 
the  bar  channel  dredged  to  the  depth  contemplated  in  my  report  of  the 
29th  ultimo,  so  that  "with  the  ordinary  swell  of  the  ocean  in  mild 
weather  fourteen  and  one-half  to  fifteen  feet  could  be  carried  in  with 
safety.'^ 

The  lumber  produced  on  the  St.  John's  Eiver  belongs  to  the  class 
known  as  deal,  and  is  subjecf  to  neither  manufacturers'  tax  nor  export 
duty.  Besides  the  lumber  trade  there  is  no  other  branch  of  local  indus- 
try which  demands  or  would  justify  any  exi)enditure  by  the  general 
government  to  secure  improved  facilities  of  navigation. 

Under  these  circumstances  it  may  perhaps  be  questioned  whether  the 
parties  who  would  be  principally  and  almost  exclusively  benefited  by 
the  improvement  under  consideration  should  not  be  required  to  contri- 
bute to  its  accomplishment.  Should  additional  information  upon  this 
subject  be  received  from  the  Bureau  of  Statistics,  or  from  the  collector  of 
customs  at  Jacksonville,  to  whom  application  has  also  been  made,  it  wiU 
be  forwarded  without  unnecessary  delay.  I  inclose  herewith  a  writ- 
ten proposal  (copy)  from  Mr.  Charles  H.  Campbell  to  dredge  the  bar  chan- 
nel "  and  keep  it  dredged  to  the  depth  of  fifteen  feet  at  high  tides,  so 
that  vessels  at  any  fair  state  of  weather,  drawing  fifteen  feet,  can  pass 
over  the  same  with  safety,"  for  "the  sum  of  ten  thousand  dollai^s  per 
year." 

Very  respectfully,  your  obedient  servant, 

Q.  A.  GILLMOEB, 
Major  of  EngiiieerSy  Brevet  Major  Oeneral  U,  8,  A. 

Bvt.  Maj.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  United  States  Army^  Washington  D.  C 


Kew  Tokk  City, 

January  29,  1869. 

General:  Having  been  some  time  employed  in  towing  on  the  St. 
John's  Bar,  State  of  Florida,  and  it  having  come  to  my  notice  that  for  some 
time  back  the  United  States  government  have  been  engaged  in  survey- 
ing the  same  for  the  purpose  of  improving  the  depth  of  water  thereon, 
I  would  respectfully  offer  your  department  to  dredge  this  bar  and  keep 
it  dredged  to  the  depth  of  fifteen  feet  at  high  tides,  so  that  vessels  at 
any  fair  state  of  weather  drawing  fifteen  feet  can  pass  over  the  same 
with  safety. 

Should  this  proposition  meet  with  encouragement  from  your  depart- 
ment, I  will  ftirther  offer  to  give  bonds  to  the  United  States  government 
to  folfiU  and  carry  out  this  proposition  to  the  letter,  the  United  States 
paying  for  the  same  the  sum  of  ten  thousand  dollars  per  year. 
I  am,  general,  most  respectfully,  yours,  &c., 

CHARLES.  H.  CAMPBELL, 
118^  8t^  Harlem^  %th  house  west  of  Third  Ave.,  New  York  City. 

Msyor  General  Q.  A.  Gillmorb, 

Corps  of  Engineers  United  States  Army. 


BEPOBT  OF  CHIEF  OF  ENGINEERS.         .  273 

Appendix  L. 

United  States  Engineer  Oppicb, 
^  Louisville^  Kentucky^  July  15, 1869. 

Sir:  I  have  the  honor  to  submit  the  following  annual  report  for 
the  fiscal  year  ending  June  30, 1869,  for  the  '^  improvement  of  the  Falls 
of  the  Ohio.'' 

On  the  4th  of  August,  1868, 1  received  the  department  letter  of  the 
31st  of  July,  1868,  informing  me  that  the  sum  of  $85,000  had  been  allot- 
ted toward  the  construction  of  the  two  dams  recommended  by  me,  for 
the  improvement  of  the  Falls  of  the  Ohio,  and  I  was  directed  to  proceed 
at  once  to  carry  on  the  work. 

I  was  further  instructed,  by  department  letter  of  the  27th  of  August, 

1868,  that  none  of  this  money  could  be  expended  ux)on  the  Indiana  side 
of  the  river,  nor  in  view  of  such  work  at  any  future  day,  but  that  it  was 
solely  applicable  to  work  incident  to  the  extension  of  the  Louisville  and 
Portland  Canal. 

On  the  22d  of  August,  1868,  for  certain  reasons,  mentioned  in  mj 
communication,  and  in  my  annual  report  on  the  survey  for  a  ship  canal 
around  the  Falls  of  the  Ohio,  for  the  fiscal  year  ending  June  30, 1868, 
I  applied  for  and  received  permission  to  substitute  a  crib  dam  across 
the  Ohio  Eiver  at  the  crest  of  the  falls,  in  place  of  the  masonry  dam 
recommended  b^'  me  at  that  point,  in  my  special  report  on  the  survey 
for  a  ship  canal  around  the  Falls  of  the  Ohio,  dated  February  8, 1868. 

In  accordance  with  the  above,  I  at  once  reorganized  my  party,  and 
commenced  the  survey  and  soundings  necessary  to  determine  accurately 
the  best  lines  for  the  dams  proposed  by  me. 

In  consequence  of  the  continued  rises  in  the  river,  and  consequent 
high  water,  these  operations  were  not  concluded  until  early  in  Novem- 
ber, 1868.  It  was  then  too  late  to  hope  for  any  work  to  be  done  during 
that  season,  and  I  therefore  reduced  my  party  to  a  minimum,  and  during 
the  winter  and  spring,  leisurely  and  carefully  completed  the  general 
drawings  for  the  upper  dam,  and  the  working  and  detailed  drawings  for 
its  different  parts ;  advertised  for  proposals ;  awarded  contracts  for  the 
material  and  labor  to  be  us^d  and  employed  in  its  construction,  and 
received  and  guarded  the  material. 

Nearly  all  of  the  lumber  and  timber,  and  all  of  the  iron,  has  been 
received,  and  the  contractor  for  the  work  and  for  other  material  has  com- 
menced operations.  I  made  no  arrangements  to  commence  work  on  the 
lower  dam,  because  the  amount  of  money  allotted  would  not  warrant  it, 
and  also,  because  its  construction  before  the  actual  extension  of  the 
Louisville  and  Portland  Canal  would  be  very  injudicious. 

The  construction  of  the  upper  dam  before  said  extension  is  completed! 
will  be  an  obstraction  to  navigation  at  certain  stages,  for  boats  t9o  larger- 
to  pass  through  the  old  locks,  which  are  still  in  use,  and  is  another** 
reason,  in  addition  to  the  very  many  already  given  by  me,  in  my  previ- 
ous reports,  and  by  officers  who  have  treated  this  subject  before  me^ 
why  the  proper  amount  of  money  necessary  to  enlarge  the  body  of  the 
old  canal,  and  complete  the  branch  to  the  new  locks,  should  at  once  b^ 
appropriated. 

On  the  lg5th  of  May,  1869, 1  received  the  department  letter  of  the  12th 
of  May,  1869,  informing  me  that  $180,000  additional  had  been  allotted: 
to  the  improvement  of  the  F'alls  of  the  Ohio,  and  on  the  31st  of  May, 

1869,  the  department  letter  of  the  27th  of  May,  1869,  authorizing  me  ta 
expend  the  whole  amount  of  this  new  allotment,  and  whatever  balanet* 

18 
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there  might  be  left  of  the  first  aUotment^after  the  upper  dam  was  built, 
in  the  eiUargement  of  the  Louisville  and  Portland  Canal.  I  had  already 
come  to  the  oonclasion,  long  before  receiving  this  authority,  and  1  was 
sustained  in  my  conclusioiis  by  the  great  experience  of  the  director  of 
the  Louisville  and  Portland  Canal,  that  the  most  important  thing  was, 
first  to  enlarge  and  improve  the  entrance  to  the  head  of  the  canal  as  fur 
as  the  upper  guard  gates,  and  whatever  balance  there  might  then  be 
left  to  employ  in  opening  the  new  locks  into  the  main  trunk  of  the 
eanal. 

It  happens  every  year  at  certain  stages  of  the  river,  that  boats  in 
attempting  to  enter  the  canal  from  above  are  drawn  on  the  rocks. 

To  avoid  this  to  a  certain  extent,  the  company  some  years  since  oon> 
structed  an  apron  dam  about  630  feet  long,  commencing  at  the  head  of 
the  outside  wall  of  the  canal  and  inclining  northwardly.  (See  sheet  1, 
survey  for  a  ship  canal  around  Falls  of  the  Otiio,  on  file  in  joor 
office.)  This  dam  I  propose  to  continue  in  its  present  direction  about 
1,200  feet,  and  to  raise  it,  throughout  its  whole  length,  about  two  feet, 
but  diminishing  its  width  to  only  ten  feet. 

All  the  rock  inside  of  this  dam  shall  be  removed,  so  that  nowhere 
shall  there  be  less  than  six  feet  ot  water  when  the  dam  across  the  river 
is  completed. 

On  the  inner,  or  Kentucky,  bank  of  the  canal,  I  propose  to  build  a 
substantial  retaining  wall,  from  the  guard  gates  up  to  about  Eighth 
street,  Louisville^  Kentucky,  and  on  the  outer  bank  a  similar  wall,  from 
the  upper  guard  gates  to  the  pier  head  at  the  entrance. 

I  transmit  herewith  a  sketch  showing  the  prox>os€d  work,  as  stated 
above.  Complete  drawings  of  the  whole  work  will  be  transmitted  as 
soon  as  they  can  be  completed. 

In  order  to  avoid  any  possible  damage  to  boats  entering  the  canal, 
from  striking  these  stone  retaining  walls,  1  propose  to  suspend  wooden 
fenders  from  their  tops,  at  proper  intervals^ 

I  am  told  that  I  may  expect  some  difficulty  in  getting  a  foundation  for 
the  wall  on  the  inner  or  Kentucky  bank,  and  will  therefore,  as  soon  as 
the  stage  of  the  water  permits,  make  the  necessary  borings  and  exami- 
nations. 

As  soon  as  I  can  ascertain  with  some  degree  of  certainty  what  the 
above  work  at  the  head  of  the  canal  will  cost,  I  will  immediately  take 
steps  to  expend  the  balance  in  prosecuting  the  excavation  of  the  branch 
from  the  new  locks  to  the  main  trunk. 

The  total  amounts  required  for  the  completion  of  this  work,  as  already 
reported  in  my  last  annual  report  on  the  survey  for  ship  canal  around 
the  Falls  of  the  Ohio,  are  as  follows,  viz : 

For  Louisville  and  Portland  Canal  extension $933, 500  00 

For  two  dams  and  one  lock 310, 000  00 

Total 1, 243, 500  00 

Total  already  appropriated *. 265, 000  00 

Total  still  to  be  appropriated 978, 500  00 


Of  this  amount  about  $450,000  could,  in  addition  to  the  amount  now 
on  hand,  be  profitably  expended  during  the  fiscal  year  ending  June  30, 
1871.  • 

This  work  is  located  in  the  third  collection  district  of  Kentucky. 

The  nearest  port  of  entry  is  Louisville,  Kentucky. 
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The  amount  of  revenue  collected  at  this  port  of  entry,  during  the  fie- 
cal  year  ending  June  ao,  1869,  was  $154,113  40. 

The  commerce  and  navigation  of  the  Mississippi  Biver  and  all  of  its 
branches  would  be  benefited  by  the  completion  of  this  work. 

I  have  taken  the  following  steps  to  carry  on  this  work  during  the 
coming  season,  viz:  I  have  contracted  f<Nr  the  entire  work  and  material 
required  to  construct  the  dam  across  the  Ohio  Biver,  along  the  crest  of 
the  Mis,  in  front  of  Louisville,  Kentucky.  I  have  purchased  all  the 
lumber,  timber^  and  iron,  and  have  made  agreements  for  the  work  to  be 
done  in  extending  and  raising  the  apron  <kun  at  the  head  of  tiie  canal 
as  above  stated. 

I  have  advertised  for  bids  for  the  rock  excavation  required  Inside  this 
dam,  as  above  stated,  and  I  will  commence  work  on  the  walls  from  the 
upper  guard  gates,  upward,  as  above  stated,  as  soon  as  I  can  possibly 
do  so  intelligently. 

Abstaract  A  shows  the  bids  received  for  lumber  and  timber  for  dam. 

Abstract  B  shows  the  bids  received  for  iron  bolts,  spikes,  and  wedges 
fbr  dam. 

Abstract  G  shows  the  bids  on  the  two  different  occasions  for  work  on 
dam. 

Abstract  D  shows  the  name  of  the  parties  to  whom  the  different  con- 
tracts were  awarded. 

All  of  the  above  abstracts  are  hereto  annexed. 

The  amount  of  cash  received  for  this  work  during  the  fiscal 

year  ending  June  30, 1869,  is $40, 000  00 

The  amount  expended  during  the  same  period  is 26, 054  47 

The  amount  of  appropriation  available  June  30, 1869,  was . .  225, 000  00 
The  amount  required  for  the  fiscal  year  ending  June  30, 

1871,  is 450,000  00 

All  of  which  is  respectftilly  submitted. 

G.  WEITZEL, 
Majw  Corps  ofMigineerSj  Bvt  Maj.  Gen.  U.  &  A. 

Bvt.  M^.  Gen.  A.  A.  Hithphbeys, 

Brigadier  General  and  Chief  of  EngineerSj 

Office  of  Chief  of  Engineeru^  Washington^  D.  0. 
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A.^Ahstrad  of  bids  for  fMmUhing  636,000 /set,  hoard  meamtref  of  white  oak  lumber  and  tim- 
herfor  dam  at  the  Fallg  of  the  OMo,  opened  by  Brevet  Major  General  G.  WeUzd,  mt^or 
Corps  of  Engineem,  on  January  25, 1869,  at  12  m. 


Name  and  resktenoe  of  bidden. 


Herwln  Frindle,  Kadiaon,  Ind 

'W^liitsey  &  Shannon,  Hadiaon.  Ind 

Kay  ic  Connell,  LoolaTille,  Ky 

8.  and  J.  Y.  Jonnaton,  Henry  County,  Ky 

Caldwell  &,  Bobinson,  Madlaon,  Ind 

Cook  it  Henry,  Klttanningt  Penn 

Barton,  Gibba,  &  Co.,  Portamouth,  Ohio. . 
Alexander  Baoon  &  Co.,  Louiflvllle,  Ky. . . 

Stnart  ic  Barmore,  JefferaonviUe,  Ind 

Howu^  &  Co.,  Jefferaonville,  Ind 

Jonaa  Butterfleld,  Cincinnati,  Ohio 

Glover  &  Sample,  JefferaonviUe,  Ind 

D.  C.  Hill,  New  Jabany,  Ind 


•94M 

33  00 

38  00 
30  OO 
S9  10 

39  00 
S8  7A 
37  00 
36  90 
36  50 
36  50 

34  90 
.  34  90 


Beapectfolly  aiabmitted. 


G.  WBITZEL, 
Mb^  Corps  i^JSngkmn,  BrepetMt^  Ornmrai  U,  8.  A. 


'Q,— Abstract  ofbidsforfwmishing  iron  bolts,  spikes j  and  wedges,  to  be  used  in  the  conetruction 
of  a  dam  at  the  crest  of  the  Falls  of  the  OhiOf  opened  March  17,  1869,  at  12  m.,  by  Brecet 
Major  General  G.  Weiteel,  wu^or  Corps  qf  Engineers, 


FBICB  FSB  FOUKD. 


Name  and  reetdenoe  of  biddera. 


LewiB,  Oliver  &  PhilUpa,  Pittabnrg,  Pa 

WilliamB.  Scaifp,  PittsbnrfcPa 

Edward  Kaylor,  Pittaburx,  Fa. 

Everaon,  Preston  &  Co.,  Inttabnrg,  Pa 

Jamea  White,  Cincinnati,  Ohio 

Miami  Machine  Works,  Cincinnati,  Ohio 

J.  A.  Pomeroy,  Cincinnati,  Ohio 

Charles  Batcliffe  &,  Co.,  Cincinnati,  Ohio 

Joseph  Slnsser,  Cincinnati,  Ohio 

J.  B.  Green&Bro.,  Cincinnati,  Ohio .' 

D.  C.  Hill  &  Co.,  New  Albany,  Ind 

S.  S.  Marah,  New  Albany,  Ind 

Dennis,  Long  St,  Co.,  Louisville.  Ky 

Jolias  Barbaronx,  LoniavlUe,  BLy 

Thomas  Meikle  &  Co.,  Louisville.  Ky. 

Ainslee,  Cochran  &  Co.,  LoniHville,  Ky 

Francis  H.  Smith,  New  York 

A.  P.  Dustin,  Jeflleraonville,  Ind 

Norway  Iron  Manufacturing  Company,  Wheeling,  West  Va 


Betpeotfully  mbmitted. 


G   W  JCXT!£J£Ij 
Major  Oorpt  qfEnffineert  and  Brevst  Major  Otngral  U,  8.  A. 
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C. — Abstract  of  bids  for  buiUUng  dam  at  Ihe  crest  of  the  Falls  of  the  OAto,  opened  by  Brevei 
Major  General  L,  Weitzelf  major  Corps  of  Engineers,  on  April  19, 1869,  and  May  17, 1869. 


Name  find  reddenee  of  Udden. 


KoAtee  A  GasaiUy  LofnlBvitle,  Ky 

D.  C.  Hill,  New  iQbany,  Ind 

McKeiiEie,  Kobinaon  A  Gelser,  LoniBYille,  Ky . 

M.P.  Wood,  L«misTille,Ky. 

Hugh  Donahue,  Louisville,  Ky 

Hay,  Myer  &  Broadhend,  Louisville,  Ky 

M.  Hariland,  CircleviUe,  Ohio 

Robert  N.  McClellan,  Louisville,  Ky , 

G«orge  M.  Sauman,  Philadelphia,  Pa 

Bratton,  Bird  ic  Borrea,  Looiaville,  Ky , 


BIM  omrSD  ON  HAT  17, 1869,  at  19  X. 


KcAteeft  CassiHy,  Lonisville,  Ky 

R.  MoKenxIe,  Loidsville,  Ky 

Hay,  Myer  St,  Broadhead,  Louisville,  Ky 

L  M.  BraltoB  St  Co.,  Fort  "Wayne,  Ind , 

George  W.  Seward  &  Son,  Jefferaonville,  Ind , 

Michael  Hariland,  CircleviUe.  Ohio 

Shipley  &  Loyal,  Loaisvill^  Ky 


Bespectfnlly  submitted. 


tm 


sip 


ISO  00 
85  00 
85  00 
80  90 
80  00 
79  25 
78  00 
74  85 
48  00 
43  00 


75  00 
69  85 
60  89 
49  96 
46  33 
44  75 
40  00 


G.  WKITZKL, 
Mt^  Corps  qf  Sngin^srs  and  Brevet  Me^  Qenmral  XT,  S,,A, 


D. — Abstract  showing  the  names  of  parties  to  whom  contracts  have  been  atoarded  during  the 
fiscal  year  ending  June  30, 1869,  by  Brevet  Major  General  G,  Weitzelf  major  Corps  of  JEngi- 
neersy  on  account  of  the  improrement  of  the  Falls  of  the  Ohio, 


Name  and  residence. 


Nature  of  contract. 


D.  C.  HiU,  New  Albany,  Ind 

Lewis,  Oliver  A,  Philliiw,  Pittsburg,  Pft. . . 
Shipley  St  Loyal,  Louisville,  Ky 


Furnishing  white  oak  lumber  and  timber  for  dam  at  crest  of 

the  Falls  of  the  Ohio. 
Furnishing  iron  bolts,  s^kes,  and  wedges  for  same. 
Construction  of  dam  at  the  crest  of  the  FaDs  of  the  Ohio. 


Respectfully  submitted. 


G.  WBITZEL, 
M«^  Corps  ^BngineerSt  Brevet  Major  OenortU  U.  S.  A, 


L  1. 


Office  of  the  Chief  of  Enqineebs, 

WashingUmj  D.  0-,  April  16, 1869. 

Bra:  In  the  a43t  of  Jnly  25,  1868,  making  appropriations  to  supply 
deficiencies,  &c.,  one  milUon  and  a  half  dollars  were  appropriated  for 
the  *^  repair,  preservation,  extension,  and  completion  of  certain  public 
works  on  rivers  and  harbors,"  to  be  expanded  under  the  direction  of  the 
Secretary  of  War,  with  a  proviso  authorizing  expenditure  from  this 
appropriation  upon  any  of  the  works  enumerated  in  a  bill  which  passed 
the  House  of  Representatives  June  30, 1868. 

In  compliance  with  the  requirements  of  this  proviso  an  allotment  of 
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$85,000  was  made  from  this  appropriatioQ  for  the  improvement  of  the 
FaUs  of  the  Ohio.  A  portion  of  this  sum  is  now  being  expended  in  the 
construction  of  a  dam  at  the  head  of  the  falls. 

The  improvement  of  the  navigation  at  the  Falls  of  the  Ohio  is  i»erhap8 
of  greater  imx)ortance  than  any  other  western  river  improvement,  and  in 
the  allotment  of  the  two  million  dollars  just  appropriated  for  rivers  and 
harbors,  the  question  arises,  in  what  manner  a  portion  of  this  sum  can 
best  be  applied  to  this  object,  and  whether  any  part  of  it  can  be  ex- 
pended in  the  completion  of  the  enlargement  of  the  Louisville  and  Port- 
land Canal. 

The  history  uid  present  condition  of  this  work  are  briefly  as  follows: 

It  was  completed  in  1830  by  a  company  chartered  by  the  State  of 
Kentucky,  the  United  States  owning  at  that  time  2,335  shares  and  indi- 
viduals 3,665.  In  1831  the  government  received  56^  additionsil  shares 
in  lieu  of  dividends,  making  in  all  2,902. 

In  1842  the  State  of  Kentucky  amended  the  charter  of  the  canal  com- 
pany so  as  to  authorize  the  president  and  directors,  with  the  assent  of 
the  stockholders,  to  sell  the  shares  belonging  to  individuals,  either  to 
ttie  United  States,  to  the  State  of  Kentucky,  or  to  the  city  of  Louisville, 
for  the  purpose  of  eventually  making  the  canal  free  of  tolls;  for  which 
obfect  ike  pteeideut  and  directors  of  the  company  were  authorized  to 
apply  the  net  income  of  the  canal  to  the  purchase  of  the  stock.  This 
act  further  provided  that  the  shares  so  purchased  should  be  held  in 
trust  and  transferred  to  the  United  States  upon  the  condition  that  only 
such  tolls  be  levied  as  would  be  sufficient  to  pay  expenses,  keep  the 
canal  in  repair,  and  make  all  necessary  improvements,  so  that  the  canal 
should  fully  answer  the  purposes  of  its  estabUshment. 

From  1842  to  1855  the  net  income  of  the  canal  was  devoted,  without 
objection  on  the  part  of  the  United  States,  to  the  purchase  of  the  stock 
held  by  individuals,  and  the  United  States  at  that  time  became  owners 
of  all  but  five  shares  of  the  stock,  at  a  cost  of  #1,709,262.  These  five 
shares  were  retained,  with  the  assent  of  the  United  States  officers,  and 
are  now  held  by  five  individuals  who  still  constitute  the  Louisville  and 
Portland  Canal  Company,  and  who  are,  under  the  act  of  1842,  the  trus- 
tees of  all  the  stock  puirchased  from  indiyidual  owners  for  the  United 
States,  as  provided  in  the  said  act. 

By  a  resolution  of  Congress,  of  May  24, 1860,  the  president  and  direct- 
ors of  the  company  were  authorized  to  enlarge  the  canal,  and  to  con- 
struct a  branch  canal,  using  therefor  the  reventies  and  credits  of  the 
company,  but  they  were  prohibited  from  using  or  pledging  the  feith  or 
credit  of  the  United  States  for  said  enlargement,  &c.  This  resolution 
contained  a  further  provision  that  when  '^said  canal  is  enlarged  and  its 
branch  canal  completed,  and  the  cost  of  the  improvement  paid  for,"  no 
more  tolls  shall  be  collected  than  sufficient  to  keep  the  canal  in  repair 
and  pay  expenses.  The  State  of  Kentucky  had  previously  authorized 
the  enlargement,  and  had  also  provided  for  its  withdrawal  from  all  con- 
trol of  the  canal  upon  the  formal  acceptance  by  the  United  States  of  the 
canal,  upon  the  conditions  of  the  act  of  1842. 

At  this  time  (1860)  the  canal  company  was  entirely  out  of  debt  and 
had  cash  on  hand  amounting  to  #131,764.  This  enlargement  and  exteu- 
aion  were  then  begun,  and  stopped  in  1866  for  want  of  funds,  after  an 
expenditure  of  #1,825,403.         « 

The  present  indebtedness  of  the  company  is  #1,567,000,  in  bonds  due 
respectively  in  the  years  1871-^76-*'81-'86.  It  had  in  December,  1867,  a 
cash  balance  on  hand  of  $217,453. 

The  United  States  are  virtually  the  owners  of  the  canal,  and  the  work  of 


BEPORT  OF  CHIEF  OF  EKaiNEBBS.  279 

enlargement  being  still  unftniahed,  it  now  becomeB  a  question  whether,  in 
view  of  the  terms  of  the  resolution  of  Congress  of  I860,  any  portion  of  the 
appropriation  for  rivers  and  harbors  can  be  applied  to  the  woHc  of  enlarge- 
ment, or  in  any  manner  toward  the  improvement  of  this  canal  until  die 
five  individual  share-holders  transfer  to  the  United  States  all  the  rightSf 
&c,  they  now  hold  in  trust.  Although  the  subject  has  been  frequently 
biougbt  to  the  attention  of  Oongress,  yet  no  aot  or  Teeolution  has  ever 
been  passed  specifically  accepting  the  oonditioBS  of  the  Kentucky  act  of 
1^2,  and  authorizing  or  directing  any  officer  of  the  United  SUttes  to 
receive  the  bonds  held  by  the  trustees^  and  assume  the  control  of  the 
canal. 

But  these  individual  share-holders  now  eomposmg  the  Louisville  and 
Portland  Canal  Company  deem  it  their  duty  net  to  sarvender  their  trust 
unless  the  United  States  assume  the  indeb^ness  of  the  company,  whieh 
up  to  this  time  they  have  not  done,  and  virtually  refuse  to  do. 

While  this  anomalous  condition  of  things  continues,  (these  fLve  indi- 
viduals holding  United  "States  property  in  trust  by  authority  of  the 
legislature  of  a  State,  and  coutrolling  public  property  which  has  coat 
mUlions,  and  still  unable  to  complete  the  canal  improvement  with<||it 
increasing  its  debt,)  the  heavy  tax  upon  the  commerce  of  our  most 
important  rivers  is  continual,  and  the  navigation  of  the  Ohio  is  most 
seriously  obstructed. 

The  wants  of  this  commerce  imperatively  demand  the  completion  of 
this  enlargement,  to  do  which,  the  only  practicable  modB  appears  to  be 
annual  appropriations  from  Congress  until  the  work  is  finished,  the  tolls 
of  the  canal  being  used  for  the  payment  of  working  expenses  and  the 
absorption  of  its  debt,  which  they  are  adequate  to. 

After  a  careful  examination  and  consideration  of  the  whole  subject,  I 
am  decidedly  of  opinion  that  an  allotment  of  some  portimi  of  the  recent 
appropriation  for  rivers  and  harbors  to  the  enlargement  of  the  canal 
may  properly  be  made,  and  1  therefore  irecommend  it. 

If  this  recommendc'ition  be  approved,  a  ^Mdcifio  sum  will  be  named  for 
this  work  in  a  r^>ort  recommending  to  your  consideration  a  plan  of  dis- 
tribution of  the  recent  ap}»:opriatiou,  which  will  be  presented  as  soon  as 
eU  the  information  caUed  for  from  the  officers  in  charge  of  river  and  bar- 
bor  improvements  is  received. 

Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brigadier  Genet^alj  ajid  Chief  qfUngineon. 

Hon.  JoHK  A.  Bahtlinb, 

Secretary  of  War. 


L2. 
Unitbd  States  BNaiNBUB  Ofpicb, 

Louisvilldj  Kentucky^  July  15^  1869. 

Sia:  I  have  the  honor  to  submit  the  following  annual  report  for  the 
fiscal  year  ending  June  30, 1869,  for  the  improvement  of  the  Tenness^ 
liiver: 

On  the  4th  of  August,  1868, 1  received  the  department  letter  of  th# 
31st  of  July,  1868,  informing  me  that  the  sum  of  $85,000  had  been  allotted 
toward  the  improvement  of  the  Tennessee  Biver  between  Chattanooga, 
Tennessee,  and  Decatur,  AlabapLa,  and  Iplorence,  Alabama}  and  it^ 
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month.  I  accordingly  advertised  for  proposals  for  mciking  the  improTO- 
mcnts  between  these  points,  reported  as  necessary  to  be  made  in  my 
special  report  on  the  "survey  of  the  Tennessee  Biver,"  dated  February 
^y  1868,  and  awarded  the  work  at  "Boss's  Tow-head,"  "Buiroughs's 
Bar,"  "Tumbling  Shoals,"  "Kelley^s  Shoals,"  and  "Gunter's  Bar,"  to 
the  lowest  bidder. 

Deeming  all  the-  bids  at  the  other  points  too  high,  I  re-advertised 
for  bids  on  the  "Tumbling  Shoals,"  the  "Suck,"  and  "Boiling  Pot," 
in  the  Upper  Tennessee  Biver,  and  all  the  points  in  the  Lower  Tennessee 
Biver  specified  in  the  above-mentioned  report,  and  then  awarded  the 
contract  to  the  lowest  bidder. 

In  the  course  of  the  winter,  ae  I  became  better  acquainted  with  the 
subject,  I  became  convinced  that,  as  during  the  season  in  which  I  made 
the  survey  there  had  been  an  unusually  low  stage  of  water,  several  of 
the  obstructions  enumerated  in  the  Upper  Tennessee  Biver  in  my  report 
were  really  unimportant,  and  that  all  the  money  to  be  expended  on  the 
Upper  Tennessee  Biver  should  be  expended  on  the  "Tumbling  Shoals," 
the  "Suck,"  and  "Pot." 

3?he  suggestion  made  to  the  department  in  accordance  with  this  view 
was  approved.  All  the  contracts  for  work  on  this  river  having  been, 
with  the  approval  of  the  Chief  of  Engineers,  assigned  to  one  person,  I 
obtained  from  him  a  voluntary  relinquishment  of  his  contract  for  the 
other  points  on  the  Upper  Tennessee,  on  condition  that  the  whole  amount 
thus  made  available  should  be  expended  on  the  tiiree  points  above  men- 
tioned. 

He  has  been  prosecuting  his  work  as  vigorously  as  the  stage  of  the 
water  would  permit,  and  has  made  considerable  progress  in  the  improve- 
ment of  the  "Suck,"  and,  with  a  favorable  season,  hopes  to  complete  his 
contract  this  year. 

On  the  15th  of  May,  1869, 1  received  the  department  letter  of  the  12ih 
of  May,  1869,  informing  me  that  $40,500  additional  had  been  allotted  to 
the  improvement  of  the  Tennessee  Biver.  With  this  amount  additional, 
I  expect  to  be  able  to  make  a  complete  improvement  of  the  portions  of 
the  river  above  designated,  and  it  is  my  intention  to  prosecute  this  work 
during  the  coming  season  as  vigorously  as  possible,  completing  first  the 
work  on  the  Upper,  and  then  beginning  on  the  Lower  Tennessee  Biver. 

The  total  amount  required  for  the  completion  of  this  work,  as  already 
reported  in  my  last  annual  report  on  the  survey  of  the  Tennessee  Biver, 
I  estimate  as  follows : 

To  improve  the  river  from  its  mouth  to  Florence,  Alabama,  and  from 
Decatur.  Alabama,  to  Ghattanooga,  Tennessee,  $130,000. 

To  enlarge  and  repair  the  existing  canal,  from  Lamb's  to  Campbell's 
Ferries,  $1,500,000. 

In  order  to  enable  me  to  get  material  for  a  proper  estimate  for  canals 
around  the  Elk  Biver  and,  the  Little  Muscle  Shoals,  I  recommend  that 
another  survey  be  made  of  these  points.  I  estimate  that  this  survey, 
properly  made,  would  cost  $10,000. 

The  total  amount  therefore  required,  as  far  as  I  now  can  state,  is 
$1,640,000. 

The  amount  that  has  been  appropriated  for  this  work  is  $125,500; 
leaving  $1,514,500  still  to  be  appropriated. 

During  the  fiscal  year  ending  June  30, 1871,  the  following  amounts 
can  be  profitably  expended : 

1.  To  enlarge  and  repair  the  existing  canal,  from  Lamb's 

to  Campbell's  Perries $500, 000  00 

2.  To  improve  the  river,  from  its  mouth  to  Florence,  Ala- 
bama  , 500  00 
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3.  To  resurvey  the  river  from  Brown's  Perry  to  Florence, 
Alabama $10, 000  00 


Total 510, 500  00 


I  am  tinable  to  gire  the  number  of  the  collection  districts  through 
which  the  river  passes. 

The  nearest  port  of  entry  is  Louisville.  Kentucky. 

The  amount  of  revenue  collected  at  rhis  port  during  the  fiscal.year 
ending  June  30, 1869,  was  $154,113  40. 

The  commerce  and  navigation  of  the  Mississippi  River  and  all  of  its 
tributaries  would  be  benefited  by  the  completion  of  this  work. 

Abstract  A,  herewith  annexed,  shows  the  bids  received  o;i  both  occa- 
sions, for  improving  the  various  points. 

Abstract  B,  herewith  annexed,  shows  the  names  of  the  persons  to 
whom  the  different  contracts  were  awarded. 

The  amounts  of  cash  received  for  this  work  during  the  fiscal 

year  ending  June  30, 1869,  are $60, 000  00 

The  amount  expended  during  the  same  period 15, 209  69 

The  amount  pf  appropriation  available  June  30, 1869,  was . .  65, 500  00 
The  amount  requisite  for  the  fiscal  year  ending  June  30, 

1869 510, 500  00 

All  of  which  is  respectfully  submitted. 

G.  WBITZEL, 
Major  Carps  of  Engineers  and  Bvt  Maj,  Oen.  U,  8,  A. 

Bvt  Maj.  Gen.  A.  A.  Humphreys, 

Brig.  Oen.  and  Chief  of  UngineerSj 

Office  of  the  Chief  of  Engineers^  Wa^shington^  D,  0. 
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A. — Abstract  of  hida  for  the  remonal  of  the  obstrueHone  of  ihe  Temumee  Sher,  opened  on 
Wednesday  J  September  9,  1^9,  by  Brevet  Major  General  G,  Weitzelf  tnajor  Corps  of  Emgi- 
necrsy  at  LouiavUUj  Kentucky, 


Name  of  bidder. 


Charles  J.  Do  Grav. 


B.  K  &  K.  G.  Dodge 


Abel  Eietertfon 


John  L.  IMvine. 


J.  H.  Beanit  and  H. 
Carlialo. 


FuUou,  N.  Y. 


CleTelaad^Ohio. 


Chattanooga,  Tenn. 


Chattanooga,  Teoiia 


Loniayffle,  Ky. 


Boea't  Tew'head :  94Q  cubic  yarda  rock  excavation,  at  tS 
per  cubic  yard ;  940  cnbic  yards  wing-dam,  at  fl  SO  ner 
cubic  yard ;  60  cubic  yam  wing-dam,  ai  |S  per  eaoto 
yard. 

Lookout  Shoals :  405  cnbic  yarda  iring-dam,  at|B  per  cubic 
yard. 

Burrongbs's  Bar :  000  cubic  yards  wisg-dam,  at  |3  per  cubic 
yard ;  330  cubic  yards  sandstoue  excavation,  at  $3  par 
cubic  yard. 

Tumbling  Shoals :  ISO  cubic  yards  boulder  excavation,  at 
^  M  per  enldc  yard;  10  Ocubic  yards  sand  stone  excava- 
tion, at  93  per  cubic  yard ;  75  cubic  yards  boulder  exca- 
vation, at  93  50  per  cubic  yard ;  IS  cnbic  yards  sandstone 
excavation,  at  13210  par  cuUc  yard;  oapal^  and  fix- 
tures, ISOO. 

Boiling  Pot :  5,000  cubic  yards  rock  excavation,  at  |B  95  per 
enbic  vard. 

The  Skillet :  25  boulders  to  be  excavated,  at  |S  per  cnbic 
yard ;  746  cubip  yards  lying-dam*  st  $2  per  cuoip  yaxd; 
capstan  and  fixtures,  $400. 

Kelbe;y*s  ShooJs :  3,666  cubic  jrwds  ▼lag *dam,  at  |3  SO  per 
cubic  yard. 

Long  Iiuaad:  Ott  cubic  yiffds  riprap  in  wing*dsm  and 
retaining  wsll,  at  13  25  per  cubic  yard,  and  450  enblo 
yards  rock  excavation,  at  13  per  cubic  yard. 

Widow's  Bar:  3,S0O  cubic  yards  tiprap  in  wing-dam,  at 
fS  per  cubic  yard,  and  386  cubic  yards  solid  rock  exca- 
vation, at  |3  35  per  cubic  yard. 

Liarkiu*8  Tow-head :  3,133  cnbic  yards  riprap  in  dam,  at 
18  9&  per  cnbic  yard. 

Mink  Cr^^ek  Shoals :  3,300  cubic  yarda  riprap  in  dam,  at 
IS  per  cnbic  yard. 

Book  lalaod :  l,llt  cubic  yarda  riprap  in  dam,  at  |S  per 
cubic  yard;  160  cubic  ywds  rock  excavation,  at  14  per 
cable  yard. 

Town  Island :  93  pobio  yards  boulder  excavation,  at  |5  per 
cubic  yard. 

Gnntor's  Bar :  479  cubdbD  yards  rock  excavation,  at  |4  per 
cubic  yard. 

Gunter's  Reef:  300  cubic  yards  rock  excavation,  at  $3  50 
per  cubic  yard. 

Flmt  River  Tow-head:  533  cubic  yards  riprap  tn  wing* 
dam,  at  |3  !&  per  cubic  yard. 

Whitesburg  Shosla  and  Ree£B :  8,963  cubic  vards  liptap  in 
wing-dam,  at  |3  25  per  cubic  yard ;  37  cuSic  yaros  boul- 
der excavation,  at  9S  per  cuoic  yard ;  500  cubic  yards 
limestone  excavation,  at  #3  35  per  cubic  yard. 

Boss's  Tow-head :  940  cubic  yards  rock  excavation,  at  94 
per  cubic  yard ;  040  cubic  yards  wins-dam,  at  91  59  per 
cubic  yard;  60  cubic  vards  wing-£un,  of  excavated 
material,  at  98  50  per  cuoic  yard. 

Tumbling  Shoals :  Kock  exeavaUon,  at  98  50  per  oobio 
yard. 

Boiling  Pot :  Bock  excavation,  at  93  per  eubic  yard. 

Burronghs*  Bar :  Rock  excavation,  at  98  50  per  cubic  yard 

The  Suck :  Removing  the  rock  in  middle  wall,  at  f3  par 
cubic  yard ;  the  solid  rock  excavation,  deepening  old 
canal,  at  98  per  cubic  yard ;  loose  rock  excavation  n«n 
Boulder  Bar,  at  98  per  cubic  yard. 

Ross's  Tow-head,  Lookout  Shoals.  Burroughs'  Bar/Tnmb- 
ling  Shoals,  the  Suck  JBoiling  Pot,  the  SkilleiL  Kelby's 
Shoals,  Long  Island^  widow's  Bar.  Larkin's  Tow-head, 
Mink  Creek  Shoals,  Buck  Island,  Town  Island,  Gunter's 
Bar,  Gunter's  Reef,  FUnt  River  Tow-head,  Whitesburg 
Reef  and  Shosls,  Seven  Mile  Island,  Colbert  Shoals  to 
Bee  Tree  Shoals,  Bear  Creek  Shoals,  Big  Bend  Shoals : 
the  stone  excavation  at  all  these  points,  at  94  90  pw 
cubic  yard ;  and  the  riprap  work,  at  same  pointiL  at  9o  75 
per  cuoic  yard ;  capstan  and  setting,  9450 ;  cribbing  per 
log,  set  in  complete,  930  per  M,  board  measnre. 


Bespectfhlly  submitted. 


G.  WEITZBL. 
Jfa;or  Carpi  Hff  Bngineert,  and  BvL  Maj.  Otn,  U.B»A. 
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B. — Ahatract  showing  the  names  of  parties  to  whom  contracts  have  been  awarded  during  the 
fiscal  year  ending  June  30, 1869,  ^  Brevet  Major  General  G,  Weitzel,  major  Corps  of  Engi- 
neers, on  account  of  the  improvement  of  the  Tennessee  Miver, 


Kame. 

Besidenoe. 

Nature  of  contract. 

Charles  J.  I>e  Graw. . . . 

R.R.  &N.  6.  Dodge... 
J.  H.  Dennis 

Pnlton,K.Y 

Cleveland,  Ohio... 
Louisville.  Ky 

Itemoving  obetmctlons  at  Boss's  Towhea<lf  Borrougha's 
Bar,  Trnnbltnor  Shoals,  and  Kelly's  Shoals. 

Renoving  obstruotions  at  Onnter  s  Bar. 

Eemoving  ohstmctioDs  at  the  Suck,  Boiling  Pot,  Seven 
Mile  Island,  Bnok  Island,  Colbert  Shoals  to  JU>e  Tree 
Shoals,  (inclusive,)  Bear  Gi-eek  Shools,  &  Big  Band  Shoals 

BespectAiUy  talmittod. 


ft   'W  Jf  I'l^ZlBUi 
Jfiqfor  Corps  qf  Sngkunra,  and  Bvt,  Maj.  Gen.  U.  &  A. 


Abstract  of  bids  for  removing  obstructions  of  the  Tennessee  River,  opened  October  5, 1868, 
at  1*2  m.,  by  Brevet  Major  General  G.  Weitzel,  major  Corps  of  Engineers. 


Name  of  bidder. 


J.  H.  Dennis. 


Jtfaoa  L.  INvliM 


Besidence. 


liOqJflTlHe,  Ky. 


ChaitonAogft,  TtAD. 


Bids. 


Sack !  1,SSD  cubic  yards  lo^ee  rook  ^xos^Hon^  at  91 15  per 
cubic  yard ;  1,444  cubic  yards  solid  rock  excavation,  at 
|3  75  ^r  cubic  yard ;  7,000  cubic  yards  loose  rock  exca- 
vation, at  75  cents  per  cubic  yard. 

Boiling  Pot :  5,000  cubic  yards  solid  rock  excavation,  at 
91  90  per  cubic  yard. 

Seven  Mile  Island :  175  oubis  yards  solid  rock  excavation, 
at  93  75  per  cubic  yard ;  3,930  cubic  yards  of  riprap  dam, 
at  9d  S5  per  cubic  yard. 

Buck  Island:  6,6il  eubio  yards  riprap  dam,  at  92S5per 
cubic  yard;  1,110  cubic  yards  riprap  wall,  at  OSSSper 
oubic  yard. 

Colbert  Shoals  to  Bee  Tree  Shoals,  inclusive:  250  cubic 
yards  rock  excavation,  at  99  75  per  cubic  yard ;  85  cubic 
yards  rock  excavation,  i^t  9^  75  per  oubis  yard ;  9,000 
cubic  yards  boulder  excavation,  at  9S  85  per  cubic  yard ; 
1,304  cubic  yards  riprap  dam,  at  91 80  per  cable  yard  ; 
1,060  onbio  yards  rock  e9:cavatio9,  at  93  75  per  onbic 
yard ;  50  cubic  yards  bocdder  excavation,  at  93  per  cubic 
yard. 

Bear  Creek  Shoals:  711  cubic  yard^  riprap  dam,  at  92  25 
per  oubic  yard. 

Bte  Bead  Shoals :  150  eubM  yvd*  boulder  ezcavatien,  a( 
i^  jier  cubic  yard. 

This  party  was  the  only  one  Udding  on  the  above  specified 
work  besides  J.  H.  Dennis,  and  hif  bids  for  the  work 
were  much  higher  than  those  of  Mr.  Dennis.  His  pro- 
posals kAve  bftsm  lest  ot  mtalMld  and  cannot  be  fbona. 


BeypeetftiDy  tvbmilted. 


G.  WEITZBL. 
Jfd^or  Oor^  nf  Snginsers,  Bvt  Maj.  <?«n.  V.  8.  4* 


L,  3. 


Unitbd  States  Enoinisb  Office, 

LauwrUle,  K^tuokyy  Mwrch  1, 1860. 

Sm :  I  have  the  honor  to  enclose  herewith  a  copy  of  a  letter  received 
by  me  to-day  from  Mr.  W.  B.  Garr,  superintendent  of  the  Tennessee 
Eiver  Improvement.. 

I  believe,  too,  now,  that  it  would  be  better  to  expend  the  money  on 
the  Suck,  Pot,  and  Tumbling  Shoals,  and  let  Boss's  Tow  Head,  Burroughs's 
Bar,  and  Kelley's  Shoals,  remain  as  they  are  for  the  present.    An  in< 
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creased  knowledge  gained  of  the  subject  leads  me  to  this  change  of 
opinion.    But  I  have  already  made  a  contract  with  Mr.  Charles  De  Graw, 
of  Fulton,  New  York,  to  remove  the  obstructions  at  Boss's  Tow  Head, 
Burroughs's  Bar,  and  Kelley's  Shoals ;  he  has  not,  however,  yet  done  a 
thing  towards  executing  his  contract. 

Kow,  Avhat  I  wish  to  know  is^  whether  I  can  annul  the  said  contract, 
if  De  Graw  agrees  to  it.  I  believe  he  would  agree  to  it.  I  cocQd  then 
expend  that  money  on  the  three  points  mentioned. 

I  desire  to  know,  also,  whether  the  general  commanding  the  corps 
approves  of  this  change,  if  it  can  be  done. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

G.  WEITZBL, 
Maj.  Corps  Engineers^  Bvt  Maj.  General  U.  8.  A. 

Brig.  Gen.  and  Bvt.  M^g.  Gen.  A.  A.  Humphreys, 

Commanding  Corps  of  Engineers^ 
Headquarters  Corps  of  Engineers^  Washington^  D.  C. 


Office  Stjpebintendent  Tennessee  Eiveb  Improvement, 

Chattanooga^  Tennessee^  February  26, 1869. 

Sib  :  I  have  the  honor  to  submit  the  following  suggestions  in  regard 
to  the  improvement  of  the  upper  river  for  your  consideration. 

I  desire,  if  possible,  to  have  as  much  work  concentrated  on  the  Suck 
and  Pot  as  will  entirely  remove  the  obstructions  at  those  points,  and 
that  in  view  of  the  prosession  of  a  dredge  by  the  present  contractor,  aa 
much  of  the  work  be  capable  of  execution  by  the  dredge  as  possible,  in 
order  to  avoid  the  risk  of  interruption  or  failure  by  the  recurrence  of  a 
season  like  the  one  just  over,  in  which  there  were  not  altogether  two 
months  of  good  weather  for  working  upon  low  water  obstructions. 

I  would  recommend  the  transfer  of  the  work  to  these  x)oints  from  Boss's 
Tow  Head,  Burroughs's  Bar,  and  Kelley's  Shoals,  for  the  following  reasons : 

During  the  past  year  Boss's  Tow  Head^  Burroughs's  Bar,  and  Kelley's 
Shoals,  have  been  navigable  at  all  times.  When  the  survey  of  the  river 
was  made,  in  1867,  the  water  was  lower  than  it  had  been  for  ten  years, 
and  many  points  were  noted  as  obstructions,  among  which  were  those 
just  named,  which  in  years  of  ordinary  stages  of  water  are  no  obstade 
to  navigation. 

The  only  difficulties  encountered  by  steamboat  men  in  1868,  in  the 
upper  river,  were  at  Tumbling  Shoals,  the  Suck^andthePot;  Tumbling 
Shoals,  an  obstruction  at  low  water.  The  Pot  is  an  obstruction  at  high 
and  ordinarily  high  water,  while  the  experience  of  the  past  fall  and 
winter  satisfies  me  that  the  Suck  offers  the  most  serious  obstacles  to 
navigation  in  the  whole  river  above  Muscle  Shoals.  So  serious  an 
obstruction  has  it  been  in  the  past  winter  that  boats  from  north  Ala- 
bama, intended  to  run  to  Chattanooga,  have  been  obliged  to  discharge 
their  freight  at  Bridgeport,  Alabama,  on  account  of  the  difficulty  and 
exx)ense  of  passing  the  Suck,  and  at  most  of  this  time  the  Tumbling 
Shoals  was  no  impediment  to  navigation. 

The  original  estimate  for  the  Suck  was  for  9,690  cubic  yards ;  7,000 
cubic  yards  of  this  quantity  coming  off  the  boulder  bar.  This  estimate 
was  based  mainly  upon  my  observations  at  the  extreme  low  water  season 
of  1867 ;  as  for  its  character  at  ordinary  high  stages,  (that  is,  when  there 
are  four  or  five  feet  of  water  on  the  boulder  bar,)  I  had  to  rely  upon  th^ 
statement  of  others.  If  before  the  survey  I  had  studied  the  behavior 
of  the  river  at  this  point  at'  the  various  stages,  which  would  require  fully 
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a  year  to  do,  my  estimate  would  have  contemplated  the  Suck  as  a  diffi- 
cnlty  both  at  low  water  and  moderate  high  water^  the  most  lastiag  stage 
of  the  river. 

I  feel  that  I  cannot  exaggerate  the  importance  of  making  the  improve- 
ment  of  the  Sack  an  accomplished  fact.  I  regard  the  success  of  the 
whole  Tennessee  Eiver  improvement  as  dependent  upon  the  result  of  the 
work  commenced  at  this  point.  The  eyes  of  the  people  have  for  months 
been  directed  to  it  by  the  press,  until  it  has  become  the  focus  of  intense 
interest. 

If  the  obstructions  of  the  Suck  are  conquered,  the  whole  enterprise 
will  gain  a  prestige  with  the  people  most  ioterested  that  will  insure  the 
completion  of  the  entire  work  from  Chattanooga  to  Paducah. 

If  the  work  at  the  Suck  is  permitted  to  fail  of  accomplishing  the 
desired  object,  I  fear  the  subject  of  the  improvement  of  the  Tennessee 
Eiver  will  fall  into  obscurity,  if  not  into  oblivion. 

It  is  my  opinion  now,  that  owing  to  the  impossibility  of  obtaining 
adequate  information  as  to  the  character  of  the  Suck  at  ordinary  hiffh 
water  daring  the  survey  of  last  year,  the  estimated  enlargement  of  the 
water-way  may  be  inadequate,  and  it  occurs  to  me  that  rather  than  have 
the  work  fail  at  this  important  point  it  would,  if  necessary,  be  judicious 
to  concentrate  the  entire  appropriation  here.  But  I  do  not  think  this 
will  be  necessary. 

The  contract  for  the  Suck  has  been  so  modified  as  to  permit  the  exca- 
vation to  be  made  upon  the  boulder  bar  almost  entirely.  I  would  recom- 
mend the  excavation  of  the  boulder  bar  to  the  amoant  of  at  least 
17,877  cubic  yards,  and  of  the  middle  wall  1,250  cubic  yards.  That  is 
based  upon  the  supx>osition  that  you  understood  Mr.  Dennis  to  be  enti- 
tled to  one  dollar  per  yard  for  dredging  at  the  bar.  If  held  to  his  con- 
tract, at  seventy-five  cents,  I  should  recommend  the  excavation  of  23,836 
cubic  yards,  as  it  is  impossible  to  remove  too  much  of  the  bar. 

At  the  Pot,  instead  of  6,000  cubic  yards,  rock  excavation,  I  would 
for  similar  reasons  recommend  an  increase  to  9,400  cubic  yards. 

The  price  of  the  additional  work  at  these  two  points  is  equal  to  the 
amount  heretofore  directed  to  be'applied  to  Boss's  Tow  Head,  BuiTOughs's 
Bar,  and  Kelley's  Shoals. 

I  am  satisfied,  from  my  observations  of  popular  opinion,  that  the  one 
thing  needful  to  inspire  the  people  here  with  confidence  in  themselves, 
and  in  the  development  of  their  country,  is  the  successful  improvement 
of  the  Suck,  and  this  conviction  has  induced  me  to  treat  the  subject  at 
detail,  with  the  hope  that  you  may  appreciate  its  importance  to  the 
people  whom  it  was  intended  to  benefit. 

All  of  which  is  respectfully  submitted. 

WM.  B.  GAW, 
Superintendent  Tennessee  River  Improvement, 

Bvt.  Maj.  Gen.  G.  Weitzbl, 

Major  United  States  Engineers^  Louisville^  Kentucky, 


Appendix  M. 
Annual  Report  of  Colonel  J.  JT.  Macomb, 

Office  op  Western  Eiveb  Impeovements, 

Cincinnati  J  Ohio^  August  27, 1869. 
Genebal  :  In  obedience  to  the  requirements  of  the  circular  from  your 
office,  dated  12th  June^  1869, 1  beg  leave  to  lay  before  you  the  follow- 
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As  stated  in  the  last  annual  report,  the  De  Kussy  had,  at  the  end  of 
June,  1868,  reached  the  vicinity  of  Hermann,  in  the  Missouri  Eiver. 
From  that  point  she  continued  to  work  up  the  river  until  about  the  1st 
of  October,  when  she  had  passed  a  short  distance  above  Brunswick,  or 
some  three  hundred  miles  above  St.  Louis,  when  it  was  found  neces- 
sary to  turn  about  from  the  low  stage  of  water  and  the  advancing  sear 
son.  The  descent  of  the  river  was  attended  with  considei*able  delay, 
and  some  danger  to  the  boat.  A  sunken  log  was  struck  on  the  way, 
which  broke  some  fourteen  of  the  floor  timbers,  but  led  to  no  serious 
leaking.  She  came  out  of  the  Missouii  Eiver  towards  the  end  of  Octo- 
ber, and  at  once  commenced  work  in  the  Mississippi,  chiefly  between 
St.  Louis  and  Alton,  and  continued  in  that  part  ot  the  fleld  until 
about  the  10th  of  November,  when  she  went  to  Mound  City  for  repairs. 
After  which  she  worked  down  the  Mississippi  River,  reaching  Vicksburg 
on  27th  December,  1868,  when  she  turned  about  to  go  over  her  field 
again,  and  was,  at  the  end  of  January,  about  ninety  nules  above  Vicks- 
burg. During  February  the  De  Eussy  worked  between  Ozark  Island 
and  Vicksburg,  and  in  March  she  worked  her  way  up  the  river,  de- 
stroying such  snags  as  were  accessible.  In  April  she  was  undergoing 
repairs  and  outfitting  for  the  summer's  operations,  having  been  assigned 
to  the  uppermost  of  the  three  districts  of  the  Missouri  Eiver,  in  which 
field  she  was  still  at  work  at  the  close  of  the  fiscal  year,  30th  June, 
1869. 

The  first  scheme  for  the  summer's  operations  of  these  three  boats  in 
the  Missouri  Eiver  was  to  place  them  in  districts,  as  follows :  snag-boat 
Abert,  lower  district,  from  the  mouth  to  Lexington,  Missouri;  snag-boat 
Long,  middle  district,  from  Lexington  to  Nebraska  City,  Nebraska^ 
snag-boat  DeEussy,  upper  district^  from  Nebraska  City  to  tSioux  City. 

The  DeEussy,  however,  encountered  such  shoal  water  and  narrow- 
channels,  above  Omaha,  that  it  was  found  to  be  expedient  to  bring  her 
below  Omaha,  and  to  modify  the  limits  of  the  districts  so  as  to  equalize 
the  work  on  the  Missouri  Eiver  among  the  three  snag-boats. 

The  light-draught  snag-boat  S.  Thayer,  which  was  launched  in  Feb- 
ruary, left  Cincinnati  at  the  end  of  April,  and  went  to  the  Arkansas 
Eiver.  She  reached  Little  Eock  on  the  14th  of  May,  and  proceeded  to 
Fort  Smith,  and  began  the  arduoas  labor  of  clearing  the  snags  frt>mL 
that  river,  and  is  still  at  work  there. 

The  dredge-boat  Octavia  was  chartered  November  7, 1868,  and  fitted 
with  Long's  scraper.  November  22  to  December  3,  cruising  in  the  Mis- 
sissippi between  Cairo  and  Alton.  Boat  purchased  for  the  United 
States  December  3, 1868.  From  December  7  to  16,  cruising  in  lower 
Mississippi.  From  December  16  to  January  5, 1869,  lay  at  Mound  City, 
Illinois.  January  5,  1869,  ordered  to  Cincinnati,  Ohio.  January  15, 
left  Cincinnati,  and  towed  survey-boat  Arkansas,  with  surveying  party 
on  boaixl,  to  mouth  of  Arkansas  Eiver.  Eeturned  to  Cincinnati  Febru- 
ary 6th.  From  February  6  to  March  27,  lay  at  Cincumati,  making  alter- 
ations and  repairs.  From  March  31  to  May  2,  lay  at  Mound  City.  En- 
tered Missouri  Eiver  May  4,  and  has  worked  there,  dredging  the  bars 
with  good  success,  to  the  close  of  the  year.  Without  the  aid  of  this 
steamer  to  dredge  bars  and  tow  against  some  of  the  stiif  currents,  it 
would  have  been  impossible  for  the  snag-boats  to  have  navigated  so  far 
up  the  Missouri  as  by  her  aid  they  succeeded  in  doing.  See  letter  from 
my  assistant,  Major  Suter.(Paper  G.) 

While  these  boats  have  all  done  i*emarkably  well,  surpassing,  indeed, 
the  expectations  in  regard  to  them,  they  have  demonstrated  the  neee^ 
sity  of  having  more  boats,  and  particularly  some  of  a  lighter  draught  of 
water. 
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There  is  a  practical  difficulty  in  combining  the  great  strength,  which 
it  is  desirable  that  a  snag-boat  should  possess^  with  that  lightness  of 
draught  which  is  requisite  for  working  at  the  lowest  stages  of  water^ 
when  the  most  dangerous  snags  become  visible.  I  believe,  however, 
that  we  are  now  in  i)068ession  of  plans  that,  with  the  experience  which 
has  been  gained  in  the  last  eighteen  montbs,  will  enable  us  to  produce 
the  right  sort  of  boat,  in  case  farther  appropriations  should  be  granted 
for  continuing  these  western  river  improvements,  which  have  been  so 
well  begun. 

Since  these  boats  began  to  operate^  changes  have  been  made  in  points 
of  minor  detail,  which  have  greatly  simplified  and  expedited  the  process 
of  destroying  snags,  and  at  the  same  time  demonstrated,  I  think,  the  fea- 
sibility of  making  a  lighter-draught  boat  that  will  do  the  work  eifectu- 
aUy. 

To  show  what  is  thought  of  the  boats  and  machinery  of  our  fleet,  by 
engineers  of  much  longer  experience  on  these  western  rivers  than  I  en- 
joyed, I  beg  leave  to  refer  to  the  special  report  of  Major  H.  C.  Long, 
United  States  civil  engineer,  dated  January  20,  1869,  and  that  of 
Mr.  W.  Milnor  Roberts,  United  States  civil  engineer,  dated  May  13, 
1869,  copies  of  both  of  which  reports  are  herewith  submitted,  E  and  F. 

With  such  evidence  in  favor  of  my  operations,  I  feel  that  we  may  confi- 
dently expect  that  appropriations  will  be  granted  to  provide  for  contin- 
uing these  works  on  a  scale  adequate  to  their  importance,  as  set  forth 
in  my  annual  estimates,  which  I  have  laid  before  you  to  accompany  this 
report. 

The  following  is  a  recapitulation  of  the  work  done  by  the  several  snag- 
boats  during  the  fiscal  year: 


Names  of  softg-boato. 


J.J.Abert,  CA.).... 

8.  H.  Lone,  (B) 

B.  B.  De  KuBSy,  (C) 
S.  Thayer,  (D) 

Gtand  total . . 


1^ 


999 

767 

9S8 

50 


S.097 


•asi 


12, 865  14-100 
13, 006  5-10 
9, 161  6-100 
796  9-10 


35, 758  9-10 


4,648 

3,789 

4.727 

1 


13, 165 


I 


S'9 


s 


145 
443 

None. 

None. 


579 


it 


7 

25 
4 

None. 


36 


It  may  be  observed,  that  in  reckoning  the  weight  of  snags,  it  was 
only  during  the  last  four  months  of  the  fiscal  year  that  the  weight  of 
roots  was  taken  into  the  account.  If  this  had  been  done  from  the  first, 
the  number  of  tons  would  probably  have  been  some  70,000,  instead  of 
the  35,758.9,  as  shown  in  this  table;  for  it  is  found  that  the  root,  with 
the  earth  which  it  generally  brings  up  with  it,  much  exceeds  the  rest  of 
the  snag  in  weight. 

OPERATIONS  FOB  PRESENT  WORKINO   SEASON. 


It  is  expected  to  continue  the  operations,  as  now  carried  on,  during 
the  remainder  of  the  present  working  season,  taking  the  snag-boats  and 
dredge-boat  to  other  parts  of  the  field,  as  the  stage  of  water  and  the  ne- 
cessities of  the  navigation  may  demand.  The  dredge-boat  wUl  probably 
be  at  work  upon  the  bars  of  the  Mississippi,  between  Keokuk  and  St. 
Louis,  and  perhaps  between  St  Louis  and  Cairo,  as  may  be  needed. 

19 


290  BEPOBT  OF  CHIEF  OF  ENGINEEB8. 

It  is  snpposed  that  the  demand  for  her  services  will  probably  be  greats 
than  she  cau  respond  to.  In  the  course  of  September  it  is  expected  that 
all  of  the  boats  will  be  drawn  from  the  Missouri  and  employ^  upon 
the  Mississippi,  and  as  soon  as  the  fall  rise  may  give  sufBicient  water  in 
the  Ohio,  one  of  our  snag-boats  wiU  probably  commence  to  work  up  that 
river,  from  the  mouth. 

The  surveys  will  be  limited  to  such  as  mav  be  required  preparatory  to 
dredging  the  bars,  and  will  be  executed  by  the  assistants  now  on  hoaid 
of  the  dredging-boat. 

The  Arkansas  Ei  ver  surveying  party  having  been  reduced  to  the  force 
necessary  for  carrying  on  the  office  work,  will  be  continued  at  that  until 
the  completion  of  the  maps  requisite  for  exhibiting  the  results  of  the 
survey. 

The  light-draught  snag-boat,  S.  Thayer,  it  is  expected  to  continue  at 
work  in  the  Arkansas  Biver.  As  soon  as  the  cold  weather  sets  in  it  is 
expected  to  send  the  fleet,  now  working  in  the  Missouri,  to  work  in  the 
mouth  of  the  Arkansas  Biver,  and  as  &r  up  that  stream  as  the  stage  of 
water  may  then  admit  of  their  working.  They  will  also  find  work  in  the 
lower  Mississippi,  and  will  be  kept  at  work  as  long  as  the  fiinds  in  hand 
will  justify  it.  It  will  probably  become  necessary  to  lay  them  up  by  the 
month  of  March,  1870,  unless  additional  funds  for  keeping  them  at  their 
useful  and  acceptable  work  shall  be  granted  before  that  time. 

I  have  introduced  this  subject  into  my  annual  estimates  under  the 
head  of  ^^  Improving  the  Mississippi,  Missouri  and  Arkansas  Bivers,''and 
have  asked  that  the  sum  of  eighty  thousand  dollars  may  be  appropriated 
at  as  early  a  day  as  possible  to  enable  us  to  prosecute  these  labors  un- 
interruptedly to  the  end  of  the  current  fiscal  year.  Indeed,  the  delay 
incidental  to  laying  up  the  boats  of  our  working  fleet  would  be  a  most 
serious  loss,  as  it  would  throw  the  boats  out  of  service  just  at  the  time 
when  the  work  can  be  most  advantageously  pushed  forward  in  the  Mis- 
souri Biver,  the  most  difficult  part  of  the  field.  I  trust,*therefore,  that 
the  sum  above  named  may  be  appropriated  in  advance  of  any  general 
appropriation. 

Besides  the  annual  estimate,  which  has  already  been  forwarded,  the 
following  papers  are  referred  to  in  this  report,  and  are  forwarded  with  it : 

Snag-list  of  tiie  J.  J.  Abort,  for  the  year  ending  30th  June,  1869, 
marked  A. 

Snag-list  of  the  S.  H.  Long,  for  the  year  ending  30th  June,  1869, 
marked  B. 

Snag-list  of  the  B.  E.  De  Bussy,  for  the  year  ending  30th  June,  1869, 
marked  C. 

Snag-list  of  the  S.  Thayer,  for  the  year  ending  30th  June,  1869, 
marked  D. 

Beport  of  United  States  Civil  Engineer  H.  C.  Long,  marked  E. 

Beport  of  United  States  Civil  Engineer  W.  Milnor  Boberts,  marked  P. 

Beport  of  my  assistant,  Major  C.  B.  Suter,  captain  engineers,  marked  6. 

Beport  of  my  assistant,  Mr.  S.  T.  Abert,  marked  H. 

Paper  showing  amount  disbursed  on  these  works  in  last  fiscal  year, 
marked  K.  • 

All  of  which  is  respectfully  submitted  by  your  most  obedient  servant, 

J.  N.  MAOOMB, 
Colonel  Engineers^  Brevet  Colonel  UnitM  States  Armtfj 

General  Superintendent  United  States  Snag-boatSy  and 

Western  Biver  Improvements. 

Bvt.  Maj.  Gkiu.  A.  A.  Humphreys, 

Brig.  Oen.  and  Chief  of  Engineers  U.  &  A., 

Office  of  Chief  of  Engineers^  Washington^  D.  0. 
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lS,^Ah9iract  <tf  emtraoU  made  on  aocouni  of  the  ctnutrH^um  of  Bnag-hoaU  amd  appuraiui 

for  clearing  western  rivers. 


• 

^ame  and  retldenoe  of  oontraotor. 

Date  of  oontnMst. 

Deslgiiatioii. 

Amount. 

October  88, 186& 

light-dransht  snag 
and  tow-boat. 

•87,500  00 

M.—Ahatraet  of  proposals  for  ihe  construction  of  a  Ugkt-draught,  double-hulled  snag-boat  and 

tow-boat,  complete,  designed  for  ike  Arkansas  Biver, 


TSo. 


Name  and  reddenoe  of  bidder. 


Amount. 


1 
9 
3 

4 
5 


G.  T.  Dnmont,  Cincinnati,  Ohio 

William  Jones,  New  Albany,  Ind 

Jamee  Howara  &  Co.,  JefrersonvUle,  Ind 

J.  N.  Snowden,  BrownaviUe,  Pa 

Nilea  Works,  Cincinnati,  Ohio 


133,500  00 
31,000  00 
S7,98S00 
S7,000  00 
87,500  00 


Kew  Toek,  January  20, 1869. 

Geneeal  :  I  forward  herewith  a  report  of  H.  0.  Long,  United  States 
civil  engineer,  on  his  examination  of  the  boats  operating  under  direction 
of  Oolonel  J.  K.  Macomb.  I  received  it  January  9,  but  supposed  it 'was 
sent  me  for  my  information  only,  as  Major  Long  nad  been  directed  to 
report  to  Colonel  Macomb,  and  I  supposed  had  made  full  report  to  him. 
On  seeing  Colonel  Macomb  in  Washington,  on  the  16th  instant,  he 
informed  me  that  no  report  had  been  made  to  him,  he  having  suggested 
Miyor  Long  to  make  it  to  me.  The  irregularity  of  the  proceeding  ac- 
counts for  my  having  kept  it  so  long.  I  now  transmit  it  to  you  as  an 
insjiection  report  made  by  Major  I^ng,  and  which,  as  such,  I  think, 
riiould  have  been  addressed  directly  to  the  bureau. 

He  speaks  in  terms  of  high  commendation  of  the  new  snag-boats  built 
by  Colonel  Macomb. 

Yours,  resi)ectfi]lly, 

G.  K  WAEEEIf, 

Major  Engineers  J  &c* 

Bvt.  Mttj.  Gen.  A.  A.  Humphebys, 

Brigadier  General  and  Chief  of  Engineers  TJ.  8.  A. 


United  States  Bngineee  Office, 

Saint  Paulj  Minnssota^  JantLory  1, 1869» 

Gekeeal  :  In  accordance  with  the  suggestion  of  Colonel  John  K. 
Macomb,CorpsofEngineers,general  superintendent  United  States  snag- 
boats  and  western  river  improvements,  dated  at  Cincinnati,  November 
10, 1868,  that  "  I  should  be  ordered  to  report  to  him  for  the  purpose  of 
a  mutual  comparison  and  interchange  of  opinions  and  suggestions  upon 
the  several  subjects  of  dredging  with  Long's  scraper,  and  of  destroy- 
ing snags  with  our  improved  snag-boats,''  and  approval  of  the  same  by 
the  Chief  of  Engineers  and  myself,  I  left  Saint  Paul  for  the  purpose 
specified  on  the  18th  of  November  last. 
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On  the  27th  November  I  received  a  telegram  at  Alton,  nimow,  from 
Brevet  Major  Charles  B.  Sater^  Corps  of  Engineers,  as  follows : 

St.  Louis,  November  27, 1868. 
To  M%}or  H.  0.  Long  : 

Will  be  at  Alton  this  p.  m.  on  steamer  OctaTia. 

Major  Snter  arrived  at  Alton  with  the  Octavia  at  the  appointed  time. 
The  next  day  was  devoted  to  an  examination  of  tbe  Long's  scraper,  at- 
tached to  her  bows,  and  a  trial  of  the  same  on  the  bar  about  three-fonrths 
of  a  mile  above  the  eity  landing.  This  bar  crosses  the  river  obliquely 
fix)m  tbe  Illinois  shore,  trending  down  the  river  till  it  nearly  reached  the 
dry  sand-bar  on  the  Missouri  side,  and  was  slightly  overlapped  by  a 
short  bar  extending  from  the  latter,  forming  quite  a  serious  obstruction 
to  the  passage  of  heavily-loaded  steamboats.  The  best  water  across 
same  was  found  to  have  a  depth  of  four  and  a  half  feet.  At  this  point 
the  exx)eriments  were  made  with  the  Octavia  scraper.  Six  successive 
drags  or  scrapes  were  made  across  the  obstruction,  occupying  about  two 
hours  from  the  tijne  we  left  the  Alton  landing  till  we  returned.  In 
that  time  the  depth  of  water  on  the  bar  was  increased  to  six  and  a  half 
feet,  and  I  have  since  been  informed  by  pilots,  and  other  river  men, 
that  we  so  cut  up  and  loosened  the  bottom  of  the  river,  that  in  the  course 
of  three  or  four  days  afterwards  the  current  washed  out  a  channel  ten 
feet  in  depth,  in  the  direction  and  along  the  trace  scooped  oat  by 
the  scraper. 

We  find  that  the  greater  width  of  the  river  gives  better  facilities  for 
maneuvering  the  scraper  than  met  with  above  the  rapids,  and  tends  to 
the  conviction  that  the  machine  will  work  equally  as  well  in  the  Lower 
as  in  the  Upper  Mississippi,  the  frame-work  which  carries  the  cutters  or 
buckets,  the  slides  and  drag-chains,  being  proportionately  l^igthened. 

The  Octavia,  at  the  time  of  her  visit  to  Alton,  wa«  under  charter  by 
government  for  a  limited  period ;  it  had  not  been  concluded  to  purchase 
her;  on  this  accoont  the  scraper  was  not  mounted  with  a  view  to  per- 
manency, and  the  lowering  and  raising  of  the  machine  on  to  and  from 
the  bars  was  accompanied  by  considerable  delay  and  difficulty.  The 
scraper  had  but  four  cutters  instead  of  five,  as  used  in  the  upper 
river  on  those  of  largest  size.  Accordingly,  it  was  recommended  that 
certain  improvements  be  made  in  the  apparatus  for  handling  the  machine, 
and  that  a  larger  scraper  be  attached  to  her  bows;  after  which  it  is  con- 
fidently expected  that,  with  proper  management,  the  Octavia  will  do 
most  efficient  service  in  dredging  the  bars  between  Keokuk  and  Cairo. 
She  is  a  powerful,  well-built  steamboat,  light  draught,  commodious,  and 
in  all  respects  admirably  well  suited  for  the  service  intended. 

On  the  5th  of  December  I  joined  M^or  Suter  at  Cairo.  The  next  day 
we  went  to  Mound  City  and  inspected  the  large,  double-hulled  snag- 
boat  De  Eussy.  On  the  7th  we  started  from  Cairo,  with  the  Octavia^  for 
the  Lower  Mississippi,  for  the  purpose  of  observing  the  operations  of  the 
other  large  twin  snag-boats  J.  J.  Abert  and  S.  H.  Long.  We  met  the 
former  at  Fletcher's  Landing,  on  the  evening  of  the  8th  of  December, 
and  remained  with  her  that  night  and  till  eight  o'clock  next  morning, 
during  which  time  we  went  on  board  and  examined  thoroughly  all  the 
details  of  her  machinery,  and  witnessed  her  operations  in  extracting  a 
dangerous  snag  from  the  main  channel  of  the  river.  This  snag  waa  a 
Cottonwood  tree  ninety  fSet  long,  three  feet  two  inches  in  diameter  at 
butt,  tapering  to  a  few  inches  at  the  top.  The  boat  was  about  fifteen 
minutes  raising  it  from  the  water  and  placing  it  on  the  rollers  be- 
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tween  the  two  hnlls^  preparatory  to  ita  being  cut  ap  and  otherwise  dis- 
posed of.  This  was  not  considered  by  any  means  a  fair  test  of  the  ca- 
pacity of  the  boat,  as  the  snag  was  not  firmly  imbedded  in  the  mud  at 
its  roots,  and  was  under  the  average  size  of  snags  in  this  locality.  But 
it  served  to  show  the  method  of  maneuvering  the  boat,  handling  the 
machinery,  the  discipline  of  the  officers  and  crew,  &c.,  and  in  these  par- 
ticulars was  very  satisfactory.  On  the  afternoon  of  the  same  day  (De- 
cember 9)  we  arrived  at  Memphis,  Tennessee,  and  lay  there  till  10.30 
next  day, taking  on  coal,  stores^&c.    From  this  place  I  reported  to  you. 

On  the  morning  of  the  11th  December  we  overtook  the  snag-boat  S. 
H.  Long,  in  Friai^s  Bend,  ten  miles  below  Helena^  Arkansas.  After  in- 
specting her  we  turned  up  the  river  again,  arriving  at  Memphis  on  the 
12th,  meeting  and  visiting  the  De  Bussy  on  her  way  down,  a  few  miles 
above  that  city.  We  also  made  a  second  visit  to  the  J.  J.  Abert  on  the 
13th  December,  near  Island  37.  At  that  time  she  had  a  snag  on  her 
rollers— <Mtton wood  tree — ^measuring,  exclusive  of  very  heavy  and  wide- 
spreading  roots,  one  hundred  and  thlrtv  feet  in  length,  sixteen  feet  in 
circumference  at  the  large  end,  and  eight  feet  in  circumference  at  the 
small  end.  The  captain  of  the  boat  informed  me  that  it  took  them  three 
and  a  half  hours  to  get  this  snag  on  to  the  boat,  and  that  it  would  take 
about  as  much  longer  to  cut  it  up  and  put  it  out  of  the  way,  or  about 
seven  hours'  work  in  all  to  dispose  of  a  snag  of  these  dimensions. 

In  the  meanwhile  it  had  turned  very  cold,  the  mercury  having  been 
as  low  as  +15^  at  Helena,  the  morning  we  were  there.  We  encountered 
heavy  floating  ice  about  two  hundred  miles  below  Cairo,  and  with  con- 
siderable difficulty  reached  that  city  on  the  evening  of  December  15. 

The  next  day  M^jor  Suter  and  myself  went  on  the  cars  to  Cincinnati; 
the  Octavia  having  been  sent  to  Mound  City  to  have  the  alterations 
made  in  the  mounting  of  her  scraper,  suggested  in  the  former  part  of 
this  report,  and  to  undergo  other  slight  alterations,  the  boat  having  been 
purchased  by  government. 

On  the  17  th  December  we  reported  to  Colonel  Macomb,  at  Cincinnati, 
and  accompanied  him  and  Captain  Shields,  head  machinist,  &c.,  in  an 
inspection  of  a  light-dra^ught  machine-boat  and  small  stem- wheel  boat 
for  the  propulsion  of  same,  building  and  on  the  ways  in  the  upper  por- 
tion of  that  city.  We  also  visited  the  foundery  and  examined  castings 
and  machinery  in  preparation  for  same  boats. 

Having  thus  completed  the  duties  assigned  me  as  per  instructions, 
&C.,  mentioned  in  the  early  part  of  this  report,  I  returned  to  St. 
Louis,  &C.,  &c.,  and  reported  to  you  accordingly. 

I  take  this  occasion  to  express  the  gratification  afforded  by  the  in- 
spection and  operations  of  the  large  twin  snag-boats,  J.  J.  Abert, 
S.  H.  Long,  and  E.  E.  De  Bussy.  These  boats  appear  to  be  most  sub- 
stantially built  of  the  best  material,  and  complete  in  all  their  appoint- 
ments^  well  officered  and  well  disciplined.  They  are,  in  many  respects^ 
great  improvements  on  the  old  snag-boats,  such  as  built  by  Captain  H. 
M.  Shreve,  Captain  John  W.  Bussdl,  and  others,  in  that  ^e  old  boats 
had  but  one  set  of  engines ;  these  not  only  propelled  the  boat,  but  work- 
ed the  snagging  gearing  when  disconnected  from  the  paddle-wheels ; 
whereas  in  tihe  boats  built  under  the  direction  of  Colonel  Macomb,  the 
propelling  power  is  distinct  from  that  which  works  the  snagging  appa- 
ratus ;  and  various  other  time  and  labor  saving  contrivances  are  intro- 
duced, such  as  steam  gearing  for  sawing  up  the  snags,  steam  capstans, 
steam  hoist  for  the  drag  chains,  &c.,  &c.,  while,  as  before  said,  the  old 
snag-boats  had  but  one  pair  of  engines  with  which  to  perform  all  the 
work  required  of  them,  and  drive  them  from  point  to  point,  long  dis- 
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tances  on  the  Mississippi,  Missouri,  Ohio  and  Arkansas  Bivers,  involv- 
ing journeys  many  thousand  miles  in  the  aggregate.  If  I  recollect 
rightly,  the  new  snag-boats  have  six  pair  of  engines.  This  fact  must 
be  taken  into  consideration  in  estimating  the  comparative  efficiency  and 
amount  of  work  i>erformed  by  the  two  dasses  of  boats,  the  old  and  the 
new. 

In  respect  to  accommodations  for  officers  and  crew,  the  new  boats  are 
so  superior  to  the  old  that  no  just  comparison  can  be  instituted  between 
the  two. 

In  conclusion,  I  beg  leave  to  say  that,  from  opportunities  afforded  of 
conversation  with  river  men,  I  am  of  the  opinion  that  there  is  but  one 
expression  in  regard  to  the  operation  of  the  snag-boats,  and  that  is  of 
universal  commendation.  They  have  already  accomplished  a  great 
deal,  but  much  more  remains  to  be  done. 
Very  respectfully,  your  obedient  servant, 

HBNBY  0.  LONG, 
United  States  Civil  Engineer. 
Brevet  Major  General  &.  K.  Wabben, 

Major  Corps  of  Engineers^ 
8up^t  Northwestern  River  Surveys  wnd  Improvements^, 

St,  Faulj  Minn. 


F. 

PiTTSBUBa,  May  13, 1869. 

OENEBAii :  Being  recently  in  St.  Louis,  at  the  time  when  Colonel 
Macomb  hapx)ened  to  be  there  with  the  United  States  snag-boat  J.  J. 
Abert,  he  kindly  invited  me  to  accompany  him  up  the  Mississippi,  in 
order  that  I  might  witness  her  working. 

I  had  for  some  time  desired  to  see  for  myself  how  that  class  of  boats 
operated,  and  was  very  glad  to  embrace  this  excellent  opportunity. 

The  Abert  started  from  St.  Louis  shortly  before  noon  of  Friday,  the 
7th  of  May,  and  made  excellent  progress — ^from  five  to  six  miles  an 
hour — against  a  current  of  nearly  five  miles  an  hour.  Three  miles  up, 
just  below  the  new  city  water- works,  we  met  the  first  snag,  which  was 
pulled  and  on  board  in  just  six  minutes  from  the  time  the  Abert  stopped 
her  headway.  The  steamer  was  then  immediately  put  under  way,  mov- 
ing slowly  up  stream,  searching  for  another  snag,  and  at  the  same  time 
sawing  up  with  steam  saws  the  one  on  board.  This  wa«  a  sycamore, 
fifty  feet  long  and  thirteen  and  a  half  feet  in  circumference  at  the  butt. 
The  total  time,  from  the  beginning,  when  we  were  entirely  clear  of 
the  tree,  was  twenty  minutes.  Within  ten  miles  of  the  city,  two  more 
snags  were  met,  pulled  on  board  and  cut  up — one  being  forty  feet  long 
and  eleven  feet  in  circumference.  The  first  was  brought  on  board  in  six 
minutes,  and  the  other  in  eight  minutes  from  the  time  of  stopping  head- 
way. About  fifbeen  miles  up  she  took  a  fourth  large  snag,  ninety  feet 
long  and  fourteen  feet  in  circumference.  This  proved  to  be  more  diffi- 
cult, on  account  of  the  limbs,  though  it  was  on  board  so  as  to  apply  one 
saw  in  five  minutes,  and  the  boat  put  under  slow  motion.  We  were  en- 
tirely clear  of  it  in  one  hour  and  thirty-six  minutes,  during  which  time, 
however,  we  ran  several  miles  up.  Just  above  the  mouth  of  the  Missouri 
Biver,  she  took  another  large  troublesome  tree,  which  had  large  limbs 
buried  in  the  sand,  and  the  root  partly  afloat,  and  which  had  to  be  pulled 
out  root  foremost,  but  seemed  to  make  little  difference.  This  was  sev- 
enty-five feet  long  and  twelve  feet  in  circumference.    It  was  on  board 
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^nd  the  boat  under  slow  way  in  eight  minutes.  This  was  at  seven  o'clock, 
or  about  seven  hours  after  leaving  Saint  Louis.  Thus  she  pulled  five 
snags  between  noon  and  seven  p.  m.,  and  made  twenty  miles  on  the  river. 
We  then  ran  over  to  Alton  for  the  night,  twenty-lour  miles  from  Saint 
Louis,  arriving  after  eight  o'clock. 

I  carefully  watched  the  working  of  the  Abert,  and  the  use  of  her  gear- 
ing, chains,  and  saws,  and  the  management,  and  the  conclusion  in  my 
mind  is  that  the  whole  arrangement  is  almost  perfect  for  the  purpose  of 
rapidly  taking  up  and  disposing  of  large  snags,  even  the  very  largest. 

I  only  say  ^^  almost"  perfect,  because  slight  improvements  doubtless 
may  be  made  in  the  building  of  another  boat. 

The  improvement  recently  introduced,  carrying  the  steam  saws  for- 
ward, and  placing  one  of  the  side  saws  nsar  the  bow^  so  as  to  cut  off  the 
stump  at  once  when  desired,  with  the  other  steam  saw  making  another 
cut  at  the  salne  time,  seems  to  me  admirable.  It  certainly  worked  beau- 
tifully on  the  occasion  I  refer  to.  The  motion  of  the  gearing  might  be 
made  in  future  boats  rather  slower,  but  as  a  whole,  as  a  snag  machine, 
just  as  she  is,  the  Abert  is  very  far  superior  to  anything  I  ever  saw  in 
operation  anywhere.  I  am  entirely  satisfied  that  this  boat,  or  a  similar 
snag-boat,  is  precisely  what  is  needed  for  the  purpose  of  removing  snags 
from  the  Mississippi,  Missouri,  Arkansas,  and  other  snaggy  rivers,  and 
that  it  would  be  well  if  one  of  these  boats  could  be  detailed  to  work 
up  the  Ohio  Eiver  as  far  as  Louisville,  and,  if  she  should  get  by  the  falls, 
to  work  up  to  Gincimnati,  or  as  far  as  she  could  go.  I  believe  that  a 
light-draught  steamer,  built  on  the  same  general  arrangement,  would 
remove  snags  to  a  great  advantage  on  the  upper  Ohio,  if  snags  were 
abundant,  or  if  they  were  the  chief  obstruction  on  that  part  of  the  river. 

But  on  the  upper  Ohio  more  time  is  required  for  the  removal  of  wrecks 
of  coal  boats,  barges,  steamers,  &c.,  which  require  for  each  case  special 
management,  sometimes  partial  dredging  of  coal,  gravel,  &c.,  and  lifting, 
and  occasionally  blowin|^  up. 

I  have  no  doubt  that  if  the  government  had  adopted,  or  should  have 
occasion  to  adopt,  a  permarient  system  for  removing  obstructions  fi^'om  the 
Ohio  River,  that  a  light-draught  steamer  could  l^  arranged  on  a  some- 
what similar  plan,  so  as  to  do  work  advantageously.  But  in  the  absence 
of  any  permanent  system  at  present,  and  without  yet  knowing  to  what 
extent  the  removal  of  obstructions  annually  may  be  required  in  the 
future,  our  method  of  working  by  contract  with,  say,  two  light-draught 
steamers,  is,  I  think,  the  best  for  this  season  oetween  Pittsburg  and 
Cincinnati ;  and  below  Cincinnati,  as  far  as  Louisville,  in  case  one  of 
the  government  snag-boats  referred  to  can  be  spared  this  season,  and 
can  get  above  the  fells,  it  would  probably  be  economy  to  let  her  work  up 
as  far  as  she  could  go.  Meanwhile  two  contract  steamers,  as  indicated 
in  my  letter  dated  April  5, 1869,  could  be  employed  to  advantage  work- 
ing down  stream  at  different  points  from  the  head  of  the  Ohio. 

The  government  snag-boats  being  on  hand,  I  have  now  no  doubt  that 
one  of  them  could  work  at  removing  snags  between  Cairo  and  Louisville 
to  better  advantage  than  with  our  contr^t  system.  I  therefore  respect- 
fully recommend  that  Colonel  Macomb  be  authorized  to  use  one  or  more 
of  them,  whenever  he  can  conveniently  place  them,  on  the  Ohio  River 
below  where  any  contract  steamer  may  be  working. 
Very  respectfully,  your  obedient  servant, 

W.  MILNOR  ROBERTS, 
Z7.  8.  Civil  Engineer^  in  charge  Ohio  River  Improvement. 

Major  General  A.  A.  Humphreys, 

Chief  of  EngineerSj  U.  8.  A., 
Headquarters  Corps  of  Engineer s^  Washington j  D.  C. 
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G. 

United  States  Steameb  Octatia, 

8t  Zouigf  Mo.j  June  29^  1869. 

Colonel:  We  arrived  at  this  place  early  this  morning,  having  since 
we  left  here  pushed  nearly  a  thousand  miles  up  the  Missouri  Eiver. 
As  I  informed  you  in  my  hurried  note  from  Cairo,  the  river  fell  very  low 
aft^r  the  early  spring  rise,  and  for  some  time  was  nearly  impassable.  I 
kept  in  company  with  the  snag-boats  as  far  as  Lisbon,  and  then  pushed 
ahead  to  clear  the  way  for  them.  The  lower  river  had  cut  out  very  fairly, 
but  the  upper  portion  was  still  reported  in  very  bad  condition.  We  did 
some  dredging  at  a  place  called  Eureka,  with  good  success.  Above 
Leavenworth  the  river  began  to  shoal  fast,  and  at  Smith^  Bar,  twenty- 
five  miles  below  Bt.  Joe,  we  were  unable  to  cross,  ourselves.  After  some 
delay  by  wind,  we  cleaned  this  bar  out  successfully,  and  it  has  since  re- 
mained in  very  good  shape.  Twenty  miles  above  here  we  dredged  again 
at  the  head  of  Hell's  Half  Acre.  This  place  has  also  held  out  well. 
After  this  we  kept  on  up  to  Omaha,  examining  the  river  carefully  and 
dredging  wherever  necessary.  We  turned  back  from  Omaha,  and  kept 
on  down  the  river  to  Smith's  Bar,  meeting  the  De  Bussy  and  Long, 
on  the  way.  Finding  the  river  at  a  good  stage,  I  turned  back  to  see 
about  getting  the  De  Bussy  above  Om-aha.  Found  her  below  Omaha 
unable  to  stem  the  current.  We  helped  her  up  stream,  however,  and  the 
river  beginning  to  fall,  she  came  on  all  right.  We  kept  up  the  river 
about  eighty  miles.  I  found  the  river  getting  very  small  and  shoal,  and 
falling  fast.  The  De  Bussy  looked  in  it  like  a  whale  in  a  mill-pond. 
There  were  very  many  snags,  but  she  could  only  pull  those  directly  in 
her  road.  I  could  have  taken  lier  up  to  Sioux  City  and  back,  by  digging 
and  hauling  her  over  the  bars,  but  I  thought  the  game  would  hardly  pay. 
The  snags  were  all  bedded  very  deep,  and  would  not  stand  a  pull,  but 
broke  off  short  in  the  sand.  Finally  I  gave  Captain  Birch  orders  to  drop 
below  Omaha.  The  river  was  falling  fast  and  we  just  got  the  De  Bussy 
out,  and  no  more.  Below  Omaha  the  river  is  deeper  than  above,  owing 
probably  to  the  frequent  passage  of  boats,  and  also  to  the  considerable 
accession  of  water  from  the  Big  Platte.  Below  there  I  do  not  anticipate 
any  very  serious  trouble,  till  toward  the  close  of  the  season.  Leaving 
the  De  Bussy  at  Omaha,  I  kept  on  down  the  river,  examining  every- 
thing very  carefully.  Dredged  at  Sonora,  Hell's  Half  Acre,  and 
Weston.  Below  this  last  point  no  work  was  found  necessary.  On  the 
way  down,  I  visited  the  Long  and  Abert,  and  had  a  good  opportunity 
of  judging  of  the  amount  of  work  done  by  them.  The  snag-boats  are  all 
working  with  great  zeal  and  efficiency.  They  have  already  done  an 
immense  deal  of  good.  I  propose  4x>  keep  them  at  work  in  the  Missouri 
as  long  as  I  can  safely,  gradually  working  them  down  the  river  as  the 
water  falls.  When  they  get  tolerably  near  the  mouth,  I  shall  feel  con- 
fident of  being  able  to  extricate  them  with  the  scraper.  This  latter  ma- 
chine works  far  better  in  the  Missouri  than  I  dared  to  hope  for,  but  the 
one  on  board  the  Octavia  is  too  small  for  any  but  a  ^'^ery  small  river. 
After  careful  consideration  and  planning,  I  have  decided  on  building 
one  with  six  buckets,  and  ten  feet  additional  length.  All  the  iron  work 
of  the  present  scraper  can  be  used  on  it,  and  it  will  soon  be  finished. 
The  same  machinery  will  handle  the  new  scraper  as  did  the  old  one. 
The  expense  of  the  new  scraper  will  be  trifling.  This  work  will  probably 
take  me  about  a  week,  after  which  I  shall  be  ready  for  any  new  work. 
The  rivers  are  all  swelling  at  present.    I  have  heard  from  Mr.  Abert, 
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who  informs  me  that  the  present  rise  is  likely  to  put  an  end  to  his  hy- 

drographical  work. 

•  ••••••• 

I  am,  colonel,  very  respectftilly,  your  obedient  servant, 

CHAS.  R.  SUTER, 
Brevet  Major  United  States  Army,  Captain  Engineer%\ 
Assistant  in  charge  Field  Opera^ionSy  United  States  Sneig-boats^  &c. 

Oolonel  J.  ST.  Maco3IB, 

Engineer^  Sup^t  Western  River  Improvements,  ' 


H. 

Cincinnati,  Ohio,  August  28, 1869. 

Colonel  :  I  have  the  honor  to  submit  the  following  preliminary  report 
of  the  survey  of  the  Arkansas  River,  from  Fort  Gibson  to  Little  Rock,  a 
distance  of  two  hundred  and  ninety-nine  and  a  half  miles. 

After  receiving  your  instructions  as  to  the  objects  and  method  of  the 
survey,  the  party  was  organized  with  the  following  named  officers : 

Ernst  Ruhl,  R.  E.  McMath,  H.  A.  Pattison,  J.  D.  McKown,  assist- 
ants; H.  G.  Webber,  draughtsman;  C.  A.  Good,  clerk. 

One  mate  and  thirty-four  men  were  employed,  in  the  various  capaci^ 
ties  of  chainmen.  sounders,  axemen,  deck-hands. 

The  portion  or  the  river  surveyed  has  its  course  partly  in  the  Indian 
Territorj^,  and  partlyin  the  sparsely  settled  countiesof  the  State  of  Arkan- 
sas. It  was  represented  to  be  subject  to  freshets,  and  during  the' inter- 
vening stages  to  be  much  obstructed  by  snags.  To  transport  securely 
apd  expeditiously  the  party  emplo^-ed,  it  was  necessary  that  a  substan- 
tial boat  should  be  built  for  the  special  purpose. 

The  approach  of  winter  delayed  the  completion  of  the  survey  boat. 
It  was  not  until  January  15  that  the  party  embarked,  in  tow  of  the 
United  States  steamer  Octavia. 

Leaving  the  mouth  of  the  Arkansas  River,  January  24,  in  tow  of  a 
river  packet,  the  party  reached  Fort  Gibson  February  7,  being  detained 
by  high  water  and  head  winds. 

The  da3^  after  reaching  Fort  Gibson  the  symptoms  of  small-pox  were 
manifest,  and  the  survey  was  temporarily  deprived  of  the  services  of 
three  officers  and  two  men.  For  a  time  the  success  of  the  expedition 
seemed  doubtful. 

The  sick  were  immediately  placed  in  camp,  and  the  survey  commenced 
the  same  day  was  continued,  with  several  shoi-t  interruptions  from  high 
water,  to  its  completion  at  Little  Rock  on  June  30. 

Here  operations  were  suspended,  according  to  your  instructions. 

The  method  of  survey  was  as  follows : 

The  course  of  the  river  and  topography  was  noted  by  two  parties, 
one  on  each  bank. 

The  line  upon  the  left  bank  was  surveyed  with  the  solar  compass ; 
the  true  meridian  being  determined  at  every  station  when  the  sun  was 
visible,  and  all  the  lines  of  the  survey  were  referred  to  it  as  the  standard. 
The  latitude  was  also  approximately  determined  by  this  instrument,  and 
occasionally  checked  by  observations  with  a  Wilrdemann  sextant. 

The  right  bank  was  surveyed  with  a  transit,  ^Wilrdemann,)  all 
angles  being  referred  to  the  standard  meridian,  as  aetermined  by  the 
solar  compass.    The  correctness  of  this  standard  was  further  verified  by 
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observations  upon  the  elongation  of  Polaris.    The  two  lines  above  de- 
scribed were  connected  every  mile  by  triangulation. 

The  same  parties  also  established  hydrographic  stations,  consisting  of 
flags,  lettered  alphabetically,  which  serv^  as  terminal  points  for  the 
lines  of  soundings.  The  points  were  occasionally  flxed  by  thehydrog* 
raphers. 

The  hydrographic  party  sounded  the  river  from  bank  to  bank.  Shoals, 
reefs,  and  the  edge  of  bars  were  carefully  determined  by  soundings 
fixed  by  triangulation,  but  as  far  ^  the  channel  remained  unobstructed^ 
the  soundings  were  taken  by  cadence,  or  at  fixed  intervals  of  time. 

Sub-surface  velocities  were  taken,  and  also  all  observations  requisite 
for  determining  the  discharge  of  the  river  at  intervals  of  ten  to  twenty 
miles,  according  to  the  suitability  of  the  locality  for  this  purpose. 

The  floatis  employed  in  these  measurements  were  composed  of  pieces 
of  tin,  placed  at  right  angles,  so  as  to  present  four  vanes  to  the  action 
of  the  water,  and  were  secured  by  cords  to  corks  bearing  small  red  flags. 
The  cords  were  lengthened,  so  as  to  bring  the  vanes  to  mid-depth,  when- 
ever velocities  for  ascertaining  the  discharge  were  measured. 

The  vanes  were  launched  from  a  boat  at  distances  sufficiently  near  to 
give  the  mean  velocity  at  many  points  along  the  line  of  the  cross-section, 
and  their  transit  was  observed  from  two  theodolites  at  the  extremity  of 
a  base  of  one  hundred  feet  in  length.  This  length  of  base  left  no  space 
for  eddies  or  changes  in  the  current,  and  always  gave  favorable  results. 
The  measurements  were  usually  taken  when  the  nver  averaged  ^ght 
hundred  and  fifty  to  one  thousand  feet  in  width. 

These  observations  were  conducted  in  the  manner  described  in  the 
delta  report  of  Generals  Humphreys  and  Abbot. 

The  leveling  party  were  directed  to  touch  upon  the  surface  of  the 
water  every  half  mile,  and  to  assist  in  the  establishment  of  gauge-rods, 
and  to  carry  lines  of  levels  across  the  valley,  from  bluff  to  blum  at  all 
points  where  measurements  for  discharige  were  taken.  Oauge-rods  were 
established  at  intervals  of  from  twenty-five  to  thirty-miles,  and  observers 
were  employed  to  keep  a  record  of  the  stage  of  the  water  every  morning 
and  evening. 

Similar  observations  were  kept  up  hourly  at  the  boat,  during  the  day 
and  night. 

These  observations,  besides  illustrating  some  of  the  phenomena  of  the 
river,  are  useftil  in  eliminating  the  osciUation,  and  also  to  enable  the 
hydrographer  to  reduce  his  sounding  to  a  co-instantaneous  plane  of  the 
water  surface. 

The  plane  of  reduction  of  all  the  sounding  was  assumed  at  three  feet 
above  low  water,  being  the  lowest  stage  observed  during  the  survey,  wid 
exhibits  the  river  anterior  to  the  condition  when  it  begins  to  cut  t^irough 
the  shoals. 

Permanent  marks  were  left  at  stated  intervals  along  the  line  of  survey 
by  all  the  parties. 

During  the  period  of  the  survey  the  oscillation  of  the  river  rai^ged 
from  three  feet  above  low  water  to  twenty  feet,  and  reached  twenty-six 
feet  about  6th  July,  just  after  the  conclusion  of  the  survey. 

The  low  water  was  accurately  determined  at  several  points  by  the 
testimony  of  competent  observers,  but  these  points  were  so  distant  that 
it  became  requisite  to  assume  that  this  plane  varied  in  inclination  in 
conformity  with  the  slope  of  the  surface  as  determined  by  each  day*s 
observation  with  the  level.  A  succession  of  inclined  planes  waa  thus 
obtained,  agreeing,  as  near  as  possible,  with  the  co-instantaneous  plane 
of  the  low-water  surface. 
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It  is  proposed  to  cM)Dtmu6  the  observations  upon  the  gauge-rods  until 
the  lowest  water  is  ascertained. 

Information  supplied  by  these  observations  is  also  useful  in  determin- 
ing the  average  stage  of  the  river  upon  any  day  when  any  one  of  the 
gauges  is  observed. 

The  distance  from  Fort  Gibson  to  Fort  Smith  is  95j^  miles,  and  from 
Fort  Smith  to  Little  Bock  the  distance  is  194  miles — the  entire  distance 
being  299}  mUes.  These  distances  were  largely  overestimated  by  steam- 
boat men. 

The  difference  of  level,  when  the  water  is  at  a  stand,  between  Fort 
Gibson  and  Fort  Smith  is  104  feet ;  between  Fort  Smith  and  Little 
Bock  it  is  160  feet;  the  total  difference  between  Fort  Gibson  and  Little 
Bock  being  264  feet.  The  fall  per  mile  varies  from  -^  of  a  foot  to  one 
foot  and  ^. 

The  width  of  the  river  between  banks  variesfor  different  stages  of  the 
water  from  the  dimensions  of  a  small  creek  to  that  of  a  msyestic  river 
1,500  to  2,000  feet  wide. 

Snags  are  numerous,  and  become  very  dangerous  when  the  river  falls 
to  four  feet  above  low  water. 

The  low- water  season  occurs  in  November,  and  other  low-water 
periods  at  irregular  intervals  during  the  summer  and  fall^  the  ri\  er  re- 
sponding to  the  meteorological  vicissitudes  of  the  extensive  area  drained 
by  its  tributaries. 

The  average  condition  of  the  river  from  the  day  the  surveying  party 
entered  it  (January  24th)  until  it  again  re-entered  the  Mississippi  (July 
3d)  was  very  favorable  to  navigation. 

During  the  low-water  stage  the  shoals  and  bars  are  considerably 
modified  by  the  concentrated  action  of  the  water,  which  cuts  out  the 
sand  to  a  depth  of  two  or  more  feet.  The  survey  having  been  made 
during  the  continuance  of  high  water,  it  is  impracticable  to  represent 
the  condition  of  the  river  at  the  interesting  period  of  low  water. 

The  following  table  represents  the  height  of  the  river  above  low  water 
during  the  months  named: 


HoDtba. 


From  Fort  Oibaon 
to  Fort  Smitb. 


From  Fort  Smith 
to  Little  .Book. 


1809. 
January . 
February 
March . . . 
Ai 


Lay 
June 
July. 


20.0  to  0.0 

13. 0  to  7. 1 

19. 9  to  a  4 

13. 7  to  6. 5 

1&  4  to  5. 3 

SI.  0  to  8. 1 

S&O  to  8.0 


Feet 
SQ.0  to  0.0 
12. 0  to  6. 5 
11. 9  to  a  4 
13.8  to  5.5 
11. 6  to  3. 8 
19. 4  to  6. 6 
26.0  to  3.9 


This  favorable  condition  appears  to  have  prevailed  during  the  winter 
for  several  successive  years,  yet  the  general  opinion  that  this  preva- 
lence of  high  water  was  unusual  at  these  periods  deserves  consideration. 

The  most  noted  Hood,  known  as  the  ^^  June  rise,"  comes  from  the 
Upper  Arkansas,  and  is  remarkable  for  its  red  color. 

Ordinary  high  waters  range  from  eighteen  to  twenty-five  feet,  but  ex- 
traordinary floods  average,  throughout  tiie  entire  year,  from  twenty- 
seven  to  thirty-five  feet.  At  twenty-six  feet  the  floiods  cause  consider- 
able damage  to  the  crops. 

Although  not  strictly  separable  into  two  terraces,  the  valley  of  the 
Arkansas  may  be  generally  described  in  that  way.  The  upper  terrace 
contains  the  larger  and  most  productive  part  of  the  river  bottom.    The 
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lower  is  frequently  overflowed,  but  the  higher  terrace  has  not  been 
covered  since  1844. 

The  winter  of  1868  and  '69  was  a  period  of  general  high  water  upon 
all  the  western  rivers. 

Had  the  floods,  which  occurred  in  succession,  happened  more  closely 
together,  we  should  have  had  to  record  a  year  of  extraordinary  devas- 
tation to  the  crops. 

When  the  survey  closed  at  Little  Rock,  according  to  your  instruc- 
tions, the  river  was  still  rising  and  reached  the  height  of  twenty-six  feet 
on  8th  July. 

Here  bench-marks  were  established  and  the  lines  of  the  transit  and 
solar  compass  parties  were  flxed  by  permanent  marks. 

During  the  progress  of  the  work  each  day's  operations  were  plotted, 
the  shore  lines  being  laid  down  by  the  natural  sines  and  cosines.  Notes 
were  also  taken  of  ttie  geology  of  the  valley,  and  the  proper  authorities 
were  consulted  in  reference  to  the  trade  upon  the  river. 

FINAL  REPORT  AND  METHOD  OF  WORKING  UP  THE  NOTES. 

In  the  preliminary  report  the  results  of  the  survey  have  been  inten- 
tionally excluded  in  order  to  bring  them  together  in  the  flnal  report. 

The  final  report  will  supply  the  results  of  the  survey  under  the  heads 
of  the  physics,  geology,  and  hydraulics  of  the  river. 

It  will  also  include  a  statement  of  the  obstructions  to  navigation  and 
the  method  of  improving  the  river. 

The  resources  of  the  valley  of  the  Arkansas  and  the  statistics  of  trade 
will  be  stafied,  so  far  as  the  facts  relating  to  these  subjects  can  be  ascer- 
tained. 

The  following  maps  are  in  preparation : 

I. — ^Eighty-one  sheets  of  the  original  fleld  maps,  upon  a  scale  of  two 
hundred  feet  to  one  inch,  exhibiting  the  topography  of  the  banks, 
position  of  shoals,  and  the  soundings,  reduced  to  a  plane  of  three  feet 
above  low  water. 

II. — Eeduced  maps  of  the  above  upon  a  scale  of  two  miles  to  the  inch. 

Ill, — ^An  index  map  upon  a  scale  of  about  six  miles  to  one  inch,  show- 
ing the  position  of  each  sheet. 

lY. — Small  topographical  sketches  of  special  localities  to  accompany 
the  report. 

Y« — Sketches  of  the  localities  of  proposed  improvements. 

The  following  profiles  are  in  progress : 

I. — A  profile  of  the  entire  line,  showing  the  high  and  low  water  lines, 
and  the  bed  of  the  river,  on  a  horizontal  scale  of  about  one  inch  to  ten 
miles. 

II. — ^Profiles  of  the  cross  section  of  the  river  and  valley  at  all  points 
where  discharge  measurements  were  taken. 

The  following  diagrams  are  in  preparation : 

I. — Showing  section,  velocities,  with  statements  of  the  divisional  and 
d'ggregate  discharges  of  all  the  cross  sections. 

II. — ^Diagrams  representing  the  horizontal  and  vertical  parabolas  of 
sub-surface  velocities. 

III. — Diagrams  representing  the  horizontal  parabolas  of  velocities. 

IV. — ^Daily  oscillations  of  the  river. 
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Tables  of  oscillationSy  velocities,  levels,  and  discharge  measurements 
will  be  prepared. 

The  above  statement  includes  the  principal  subjects  of  the  report  nearly 
in  the  order  in  which  they  will  be  taken  up. 

Very  respectMly.  your  obedient  servant, 

8.  T.  ABERT, 

Assistant  Engineer, 
Oolonel  J.  N.  Magomb^ 

Corps  of  Engineers  XT.  8.  A. 


The  followtag  is  a  statement  of  the  amounts  disbursed  by  Colonel  J. 
N.  Macomb,  Corps  of  Engineers,  during  the  fiscal  year  enduig  June  30, 
1969,  under  the  several  heads  of  appropriation  named : 

Snag-boats  and  apparatus  for  deariug  western  rivers (49, 130. 28 

Examinations  and  surveys  on  western  and  northwestern 

rivers,  &c 13, 014. 67 

Improving  Mississippi,  Missouri,  Arkansas,  and  Ohio  rivers,  141, 903. 79 
Bepairs,  preservation,  extension,  and  completion  of  certain 

public  works,  &c 88, 019. 35 

Total 292,068.09 

Bespectftilly  submitted. 

J.  K  MACOMB, 
Colonel  Engineers^  Bvt  Col.  U.  8.  A., 
OenH  9i^t  U.  8.  Snag-boats  and  Western  River  Improvements^  &e. 

Brevet  Msyor  Oeneral  A.  A.  Humphbbys, 

Brig.  QenH  and  Chief  of  Engineersy  U.  8*  A, 


Estimates  to  accompam  the  annual  report  of  Colonel  J.  JT.  Macomh^ 

Corps  of  Engineers  and  Brevet  Colonel  U.  8.  A. 

IHPBOVEMENT  OP  THE  WESTERN  BIVEBS,  EXCEPT  THE  OHIO   BIVBB. 

Officer  in  charge.  Colonel  J.  N.  Macomb,  Corps  of  Engineers,  brevet 
colonel  United  States  Army,  assisted  by  Brevet  M%|or  C.  B.  Suter, 
captain  Corps  of  Engineers,  United  States  Army. 

The  operations  have  been  carried  on  under  the  several  heads,  as  set 
forth  below,  in  the  detailed  estimates  for  continuing  the  works  during 
the  fiscal  year  ending  June  30, 1871. 

The  most  sanguine  expectations,  as  to  the  success  of  the  boats  in  this 
service  for  the  past  year,  have  been  fully  realized ;  but  it  is  to  be  re- 
gretted that  no  specific  appropriations  were  granted,  in  accordance 
with  previous  estimates,  for  adding  to  the  boats  and  machinery  for 
pushing  forward  more  rapidly  this  useful  work. 

I. — Construction  of  snag-boats  a/nd' machinery. 

There  being  no  new  appropriation  under  this  head,  it  became  neces- 
sary, after  building  one  light-draught  snag-boat,  to  apply  the  remainder  of 
the  original  appropriation  to  meet  the  current  expenses  of  running  and 
working  the  boats  in  the  service,  as  authorized  to  be  done  in  the  act  grant- 
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ing  the  appropriation.  The  original  fiind  will  be  thus  exhausted  during 
the  current  fiscal  year,  ending  June  30, 1870.  During  the  fiscal  year 
ending  June  30, 1871,  were  w&  be  required  the  following  amounts,  Tiz: 

For  repairs  and  painting  of  the  four  snag-boats  and  one  dredg- 
ing boat,  and  for  keeping  up  the  snag-lifting  and  the  dredg- 
ing machinery  in  a  state  of  efficiency,  for  these  five  boats, 
$9,500  each $47,500 

For  building  ikree  additional  boats,  with  all  the  machinery  and 
apparatus  for  destroying  snags,  blowing  up  and  removing 
wrecks,  rocks,  and  any  other  obstructions  to  the  navigation 
of  the  western  rivers — ^two  large  boats,  at  (75,000  each. ...     150, 000 

And  one  boat  of  light  draught,  to  be  fully  equipped  as  a  dredg- 
ing boat 59, 000 

Office  expenses,  pay  of  assistants,  &c.,  applicable  to  this  appro- 
priation       14, 000 

270, 600 

n^ — ExaminaMona  and  surveys. 

The  funds  under  this  head  remaining  on  hand  will  be  all  absorbed  in 
the  current  year,  in  finishing  tke  maps  and  reports  of  the  surveys  of 
the  Missouri,  Mississippi,  and  Arkansas  Bivers,  that  have  thus  far  been 
made. 

As  additional  surveys  will  be  required  in  extending  the  field  of  ope- 
rations of  the  snag-boats,  a  new  appropriation  of  (25,000  is  respectfiilly 
recommended,  as  applicable  to  the  "  Improvement  of  the  Western  Eiv- 
ers,  &C.,''  in  the  charge  of  Colonel  Macomb,  Corps  of  Engineers,  dtiring 
the  fiscal  year  ending  June  30, 1871. 

III. — Improving  the  Mississippi^  Missouri  and  Arkansas  Rivers. 

The  work  under  this  head  has  consisted  of  removing  and  destroying 
snags,  cutting  trees  to  prevent  the  forming  of  snags,  and  in  dredging 
bars  in  these  rivers,  and  has  been  pushed  forward  vigorously  during 
the  last  fiscal  year,  by  laying  out  the  field  into  districts,  and '  keeping 
the  boats  at  work,  as  nearly  together  as  possible,  so  as  to  admit  of 
more  easy  supervision.  In  this  way,  a  large  amount  of  work  was 
done  on  the  Mississippi  River  during  the  winter  and  on  the  Mis- 
souri during  the  summer.  The  work  on  the  Arkansas,  requiring  a  boat 
of  very  light  draught,  was  begun  as  soon  as  the  boat  was  ready  for  the 
service,  and  has  been  continued,  with  good  progress,  since  the  month  of 
May,  1869. 

The  tabular  statements  accompanying  the  annual  report  upon  these 
improvements  are  confidently  referred  to,  as  showing  a  satisfactory  ex- 
hibit of  what  was  accomplished  during  the  last  fiscal  year.  Should  a 
further  appropriation  be  granted  for  these  works,  it  is  proposed  to  con- 
tinue the  same  system  of  operating,  and  to  extend  the  field  of  these 
improvements  in  proportion  to  the  means  made  applicable  thereto. 

The  following  is  an  estimate  of  funds  required  under  head  III : 
For  working  the  five  boats  now  owned  and  actively  employed 
by  the  government  in  these  improvements,  viz :  four  snag- 
boats  and  one  dredging  boat,  current  expenses  for  the 
months  of  March,  April,  May  and  June,  1870,  being  the  latter 
part  of  the  present  fiscal  year,  (4,000  a  month  for  ea<;h 
boat,  five  boats (80, 000 


L 


BEPOBT  OF  CHIEF  OF  ENGINEEBS.  803 

Which  it  is  hoped  may  be  granted  at  an  early  day,  soon 

enoagh  to  avoid  the  necessity  of  laying  up  these  boats,  now 

so  usefully  employed. 

And  for  the  current  expenses  of  these  Ave  boats  during  the 
fiscal  year  ending  June  30, 1871 $240, 000 

For  office  expenses,  and  pay  of  assistants 15, 000 

The  above  estimate  is  for  the  active  and  useful  employment 

of  the  boats  now  ovoned  for  the  improving  of  these  western 

rivers,  to  the  end  of  the  fiscal  year,  June  30, 1871. 

If  money  for  building  the  other  three  boats  should  be  granted, 
there  will  be  required  for  tiie  current  expenses  of  running 
and  operating  them  during  the  last  eight  months  of  the  fiscal 
year  ending  June  30, 1871 120, 000 

Making  under  the  head  of  '^Improving,"  &c.,  a  total  of    455, 000 


BEOAPITULATION. 

Amount  asked  for  under  the  several  heads,  as  follows : 

For  construction  and  repairs  of  snag-boats,  &c (270, 500 

For  examinations  and  surveys  on  the  works  under  the  charge 

of  Colonel  Macomb, 25, 000 

For  improving  Mississippi,  Missouri,  and  Arkansas  Eivers, . .     455, 000 

Total 750, 000 

« 

All  of  which  is  respectfully  submitted  by  your  most  obedient  servant, 

J.  N.  MACOMB. 
Colonel  Engineers^  Bvt  Col.  U.  8.  A., 
OenH  Supt  U.  S.  Siiag-hoats  and  Weston  Biv.  Imp^ts. 

Bvt.  Maj.  Gen.  A.  A.  Humpheeys, 

Brig,  OenH  and  Chief  of  JEngineerSj  U.  S.  A., 

Office  of  Chief  of  JEngineerSyWashington^  D.  C. 


Ml. 

Office  of  Western  Exvek  Impbovbipsnts, 

No.  4,  Public  Landing, 
Cinoinnatij  OhiOj  November  2, 1868. 

Gbnebal  :  I  beg  leave  herewith  to  lay  before  you  the  report  of  Brevet 
M^or  0.  E.  Suter,  captain  Corps  of  Engineers,  in  relation  to  the  Kansas 
City  bridge,  and,  at  the  same  time,  to  express  the  hope  that  the  course 
which  he  suggests  in  regard  to  diarters  for  bridges  over  the  great 
navigable  rivers  of  the  country  may  be  adopted. 

I  remain,  very  respectftdly,  your  most  obedient  servant, 

J.  N.  MACOMB, 
Colonel  of  Engineersj  Brevet  Colonel  U.  8,  A., 

In  charge  Western  River  Improvements^  cfco. 

Bvt.  MgJ.  Gen.  A.  A.  Humphbeys, 

Chief  of  Engineers  United  8tates  Army^ 

jkeadquarters  Corps  of  Engineers  ^Washington^  D,  C. 
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Office  Western  Biyer  Improyements, 

Cincinnatij  Ohioy  October  20, 186& 

Colonel  :  In  accordance  with  your  mstmctions  directing  me  to  in- 
spect and  report  on  the  bridge  over  the  Missomi  Eiver  at  Kansas  City, 
Missouri,  I  have  the  honor  to  report  as  follows : 

In  pursaance  of  your  orders  I  left  Cincinnati  on  the  5th  October,  1868, 
arriving  at  St.  Louis  the  next  day.  From  this  date  to  the  10th  Octo- 
ber I  was  engaged  in  collecting  information  concerning  the  bridge  from 
pilots  and  captains  engaged  in  navigating  the  Missouri  Biver.  On  the 
11th  October  I  left  St.  Louis  for  Kansas  City,  in  company  with  Mr.  M. 
A.  Bryson,  representative  of  the  central  committee  of  the  Mississippi 
Valley  river  improvement  convention.  The  12th  October  was  spent 
in  examinations  at  Kansas  City.  On  stating  to  the  of&cers  of  the  bridge 
company  the  object  of  my  mission,  they  very  courteously  gave  me  all 
the  information  in  their  power,  allowing  me  to  examine  their  maps  and 
plans,  and  to  take  copies  of  such  as  were  necessary  to  make  my  report 
intelligible.  Two  tracings  thus  obtained  are  api)ended.  One  shows  the 
general' plan  of  the  locality,  the  other  shows  the  site  of  the  bridge  on 
a  larger  scale.  On  the  13th  October  I  returned  to  St.  Louis,  which 
place  I  left  on  the  14th,  arriving  at  Cincinnati  on  the  15th. 

Appended  to  this  report  is  a  paper  signed  by  a  large  number  of  pilots, 
captains,  and  owners  of  steamers  running  on  the  Missouri  Biver,  which 
will  give  you  an  idea  of  the  feeling  of  the  river  interest  on  this  question. 

The  Kansas  City  bridge  is  situated  at  Kansas  City,  Missouri,  about 
one  and  a  half  mUe  below  the  mouth  of  the  Kaw  or  Kansas  Biver. 
It  is  designed  at  a  crossing  for  the  Kansas  City  and  Cameron  railroad, 
a  branch  road  connecting  the  Missouri  Pacific  and  Hannibal  and  St. 
Joseph  railroads.  The  ]^orth  Missouri  railroad,  in  process  of  construc- 
tion, will  also  cross  the  Missouri  on  this  bridge. 

It  is  intended  to  be  used  both  for  trains  and  for  wagons.  The  super- 
structure is  a  modification  of  the  Warren  girder;  the  piers  are  built  of 
limestone;  width  of  roadway  twenty  feet.    The  spans  are  as  follows: 

Beginning  at  the  Kansas  City  end,  the  first  or  shore  bay  is  67  feet : 
the  second  is  133  feet.  Then  comes  the  draw,  the  double  span  being  303 
feet ;  the  next  span  is  200  feet,  the  next  250  feet,  the  next  200,  and  the 
last  175.    All  these  dimensions  are  measured  on  the  axis  of  the  bridge. 

The  first  pier  is  6  feet  thick ;  the  second  8  feet.  The  first  pier,  which 
is  circular,  is  30  feet  in  diameter,  the  next  in  order  is  8  feet  thiek,  and 
the  four  others  are  each  7  feet  thick.  The  bottom  chord  is  10  feet  above 
the  highest  known  water-mark,  the  extreme  range  of  water  at  this  place 
being  37  feet,  and  the  ordinary  range  20  feet.  The  faces  of  the  piers 
have  a  batter  of  |  of  an  inch  to  the  foot.  They  measure  50  feet  in 
length  at  low  water.  The  cornice  projects  1  foot.  The  pivot  pier  has 
vertical  faces,  with  a  cornice  2  feet  thick.  The  piers  make  an  angle  of 
720  with  the  axis  of  the  bridge.  Above  and  below  the  pivot  pier  are 
masonry  rests  for  the  ends  of  the  draw  when  open.  Their  faces  are 
parallel  to  the  piers,  and  they  are  to  be  connected  with  tlie  pivot  pier  by 
a  framework  of  timber  &ced  vertically  like  the  sides  of  a  ferry  alip. 
Beyond  the  last  pier  the  bridge  is  carried  2,373^  feet  across  the  bottom 
lands  on  trestles,  making  the  total  length  of  the  bridge  3,761^  ieet. 

The  Missouri  Biver  makes  a  large  bend  at  this  point,  in  consequence 
of  which  a.  large  body  of  water  always  moves  along  the  concave  shore* 
right  bank.  There  is  always  twenty  feet  or  more  of  water  to  be  founa 
under  the  draw.  The  river  has  tended  constantly  to  wear  into  the  con- 
cave bank,  as  is  shown  by  the  different  shore  lines  marked  on  the  large 
map.    This  is  partially  stopped  now  by  the  stone  revetment  of  the  h^^j 
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TThicb  is  being  carried  np  to  the  month  of  the  Kaw.  When  this  is  com- 
pletedy  the  channel  line  may  be  regarded  as  constant.  From  my  obser- 
vations I  judge  that  the  piers  have  been  built  parallel  to  the  direction 
of  the  cnrrent  at  low  water,  but  it  is  evident  from  the  shape  of  the  shore 
near  the  bridge,  that  there  must  be  a  constant  tendency  of  the  current 
to  cross  to  the  left  bank  a  littie  above  the  site  of  the  bridge.  At  the 
time  of  my  examination  the  current  was  about  two  and  a  half  miles  an 
hour,  the  river  being  four  or  five  feet  above  extreme  low  water.  In  or- 
dinary stages,  the  velocity  being  only  from  two  to  three  miles  an  hour, 
the  attraction  of  the  bank  for  the  particles  of  water  nearest  it  is  suffi- 
ci^itly  powerful  to  keep  the  channel  near  the  right  bank.  At  high 
water,  however^  the  velocity  runs  as  high  as  eight  or  nine  miles  an  hour, 
and  the  attraction  of  the  bank  is  so  far  overcome  that  the  main  body  of 
water  passes  off  in  the  direction  of  the  fourth  and  fifth  piers  of  the 
bridge.  On  a  chart  showing  comparative  sections  of  the  river  bottom 
at  different  stages,  this  action  was  very  plainly  shown  by  tbe  depth  of 
erosion  at  the  point  mentioned  above.  The  depth  of  this  point  was 
much  greater  than  that  under  the  draw,  which  was,  however,  deep 
enough  to  show  that  a  considerable  body  of  water  passed  through  it 
even  at  high  stages  of  water.  The  sheet  of  water  which  in  floods  pours 
across  the  low  lands  of  the  point  opposite  Kansas  City  must  deflect  the 
surface  current  to  a  certain  extent,  and  probably  gives  it  the  same  direc- 
tion as  at  low  water,  viz.,  through  the  draw.  How  far  below  the  surface 
this  action  extends  I  cannot  undertake  to  say,  but  it  is  reasonable  to 
suppose  that  a  boat  would  be  deep  enough  in  the  water  to  feel  the  in- 
fluence of  the  powerful  under-current  which  would  also  certainly  make 
its  way  to  the  surface  from  time  to  time  in  boils,  eddies,  &c.  With  a 
current  of  eight  miles  an  hour,  a  boat  must  be  going  at  the  rate  of  at 
least  twelve  miles  to  keep  steerage-way  on  her.  On  approaching  the 
bridge  she  must  hug  the  right  bank  to  run  through  the  right-hand  draw.. 
Just  before  reaching  the  bridge  she  is  obliged  to  turn  slightly  to  the 
right  to  pass  the  draw,  and  at  this  moment  she  will  feel  the  influence  of 
the  under-current  setting  across  the  river.  The  effect  of  this  will  be  to 
slew  her  stem  around  and  send  her  through  the  draw  more  or  less  side 
foremost.  The  draw  being  narrow,  a  long  boat  will  be  very  apt  to  strike 
on  the  center  pier,  and  as  she  would  be  going  at  great  speed  she  would 
certainly  be  sunk  by  the  collision. 

I  think  this  represents  fairly  the  state  of  the  case ;  although  not  having 
seen  the  bridge  at  high  water,  I  cannot  say  positively.  I  am,  however, 
confirmed  in  my  opinion  by  the  statements  of  all  the  pilots  I  have  con- 
versed with  on  the  subject  Their  description  of  the  difficulty  which 
they  encounter  corresponds  with  what  I  have  stated  above,  and  they  all 
say  that  when  tbe  center  pier  is  built  no  large  boat  will  venture  to  drop 
through  head  foremost.  The  time  lost  in  turning  round  and  drop^g 
through  stem  foremost  is  a  serious  matter,  and  there  seems  to  be  no 
earthly  reason  why  boats  should  be  subjected  to  this  delay  and  danger. 
I  was  informed  that  several  boats  have  already  struck  on  the  cribs  flUed 
with  stone,  which  are  designed  for  the  foundations  of  the  draw  rests. 
Below  the  present  site  points  could  have  been  found  more  advantageous 
as  bridge  locations  than  the  one  adopted ;  but  they  all  have  this  disad- 
vaiitage,  that  the  chann^-way  is  not  stable,  but  shifts  from  one  side  of 
the  stream  to  the  other.  This  is  avoided  in  the  present  location  by  the 
concavity  of  the  bank,  which  always  gives  an  ample  channel  depth  under 
the  draw.  The  bridge  company  are  obliged  by  their  charter  to  use  a 
pivot  draw-bridge,  which  no  engineer,  I  think,  would  have  recommended 
in  this  case.     It  was  an  exceUent  locality  for  using  counterbalanced 
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draws,  with  a  half  span  of,  say  one  hundred  and  twenty-five  feet,  giving 
a  clear  way  of  two  hundred  and  fifty  feet,  which  would  have  been  sof- 
iicient  to  have  allowed  the  largest  boats  to  pass  through  sidevrays,  if 
necessary.  The  act  of  Congress  authorizing  the  construction  of  this 
bridge  requires  a  pivot  draw-bridge  over  the  main  channel  of  the  river, 
with  spans  of  not  less  than  one  hundred  and  sixty  feet  in  the  clear  on 
each  side  of  the  pivot-pier  of  the  draw ;  and  also  that  the  adjoining  spans 
shall  not  be  less  than  two  hundred  and  flfby  feet.  If,  a«  seems  most 
rational,  the  expression  ^^  in  the  clear  ^  was  meant  for  the  perpendicular 
distance  from  the  face  of  one  pier  to  the  face  of  the  next — that  is,  the 
width  available  for  passing  boats,  then  the  first  condition  has  not  been 
complied  with.  The  width  at  extreme  low  water  is  only  151.76  feet,  and 
at  high  water  only  151.69  feet.  In  this  latter  case  the  cornices  of  the 
piers  would  only  be  about  eight  feet  above  the  water,  take  off  nearly 
three  feet  of  the  available  width.  Measured  on  the  line  of  the  axis  of 
the  bridge,  these  distances  are  159.50  feet  at  high  water,  and  159.57  feet 
at  low  water. 

The  spans  adjoining  the  draw  are  respectively  one  hundred  and  thirty- 
three  and  two  hundred  feet,  instead  of  two  hundred  and  fifty  feet,  as 
called  for. 

The  bridge  presents  no  obstacle  to  an  ascending  boat,  which  can  pass 
through  both  spans  of  the  draw  equally  well.  At  high  water  a  descend- 
ing boat  cannot  risk  the  passage  of  the  left  span  at  all^  and  can  only  run 
the  right  hand  one  at  great  risk.  It  would  be  impossible  for  a  descend- 
ing boat  to  pass  through  this  bridge  at  night.  At  the  time  of  my  ex- 
amination the  first  two  piers  and  the  abutment  were  completed,  and  l^e 
euperstructure  over  them  finished.  The  foundations  for  the  draw  rests 
were  in  position,  and  the  caisson  for  building  the  center  pier  was  being 
placed.  The  next  pier  was  finished.  The  next  two  were  in  process  of 
•construction.  The  two  last  piers  were  up,  and  the  superstructure  over 
them  completed. 

In  submitting  these  facts  I  cannot  refrain  f^om  calling  your  attention 
to  the  bad  results  likely  to  ensue  from  the  manner  in  which  these  bridge 
charters  are  granted.  The  act  of  Congress  authorizing  the  construction  of 
the  Kansas  City  bridge  included  several  others  on  different  rivers,  all  of 
them  being  subject  to  certain  general  conditions  which  are  not  general  in 
their  application,  nor  sufficiently  complete,  if  applicable.  My  vie,ws  on  the 
requirements  of  this  particular  bridge  I  have  already  given,  and  every 
bridge  built  is  necessarily  subject  to  special  conditions  suitable  to  the 
particular  case.  The  probability  is  that  within  the  next  few  years  many 
Tailroad  bridges  will  be  needed,  unless  proper  precautions  are  taken. 
They  will  almost  destroy  our  river  commerce,  by  presenting  obstacles 
which  no  boat  will  dare  to  pass.  There  is  no  necessity  for  this,  as 
bridges  can  be  built  which  will  leave  the  river  navigation  safe  and  un- 
trammeled.  My  own  opinion  is  that,  before  granting  authority  to  any 
<M)mpany  to  build  a  bridge,  the  subject  should  be  submitted  to  an  impar- 
tial board  of  military  or  civil  ^igineers,  and  the  subsequent  legisb&on 
should  be  in  accordance  with  their  decisions. 

I  am,  colonel,  very  respectfully,  your  obedient  servant. 

CHAS.  B.  SUTER, 
Brevet  Major  U.  8.  A.,  Captain  Engineen. 

CMoBel  J.  N.  Maoomb, 

United  States  Engineers^ 

in  charge  of  Western  River  Improeemente. 
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A. 

St.  Louis,  Missouri,  September  28, 1868. 

General  :  The  cities  of  the  valley  return  their  warmest  thanks  for  the 
large  share  of  the  niilhon  and  a  half. 

The  bridge  over  the  Missouri  River  at  Kansas  City,  when  completed, 
will  make  navigation  almost  or  altogether  impossible. 

The  builders  iu*e  violating  the  charter  granted  by  Congress. 

The  citizens  of  St.  Louis  and  other  cities,  and  the  members  of  Con- 
gress, desire  you  to  send  some  competent  engineer  to  immediately 
examine  and  report  the  facts  to  the  Attorney  General.  If  you  will  order 
one  or  more  of  the  engineers  here,  I  will  accompany  themj  and  render 
them  every  aid,  and  pass  them  over  the  railroad. 

Please  answer  immediately. 
Your  Mend, 

M.  A.  BRYSOK 

Gen'l  A.  A.  Humphreys. 

True  copy :  J.  K.  MACOMB, 

Colonel  Engineers^  Brevet  Colonel  U.  8,  A, 


B. 

Headquarters  Corps  of  Engineers, 

Washington^  D.  C,  October  2, 1868. 

Colonel  :  The  inclosed  copy  of  a  letter  to  these  headquarters  from 
M.  A.  Bryson,  esq.,  dated  September  28,  1868,  in  relation  to  the  bridge 
over  the  Missouri  Eiver  at  Kansas  City,  is  transmitted  for  your  inlbr- 
mation  and  for  report. 

With  a  view  of  obtaining  all  the  facts  of  the  case,  you  will  direct 
your  assistant,  Brevet  Major  C.  B.  Suter,  corps  of  engineers,  to  proceed 
at  once  to  Kansas  City,  and  make  the  necessary  examinations,  &c. 
By  command  of  Brigadier  General  Humphreys. 
Very  respectfully,  your  obedient  servant, 

J.  C.  WOODRUFF, 
•  Brevet  Brigadier  General  U.  S.  A. 

Colonel  J.  N.  Maoomb,  Corps  of  Engineers^ 

6oa?825  Cincinnati^  Ohio. 
True  copy :  J.  N.  MACOMB, 

Colonel  EngineerSy  Brevet  Colonel  U.  8.  A. 


C. 

Office  Western  Eivbb  Ijiipbovbments, 

Cincinnati,  Ohio^  October  5, 1868. 

Major  :  For  the  purpose  of  getting  all  possible  information  in  rela- 
tion to  a  bridge  which,  it  is  nndersto^,  is  about  to  be  constructed  from 
Kansas  City,  Missouri,  over  the  Missouri  Biver,  to  the  probable  iiyury 
of  the  navigation  of  that  stream,  you  will  proceed  at  once  to  Si 
Louis,  Missouri,  and  confer  with  Mr.  M.  A.  Bryson  at  that  point,  and 
proceed  thence  to  Kansas  City,  Missouri,  in  order  to  ascertain  the  loca- 
tion and  proposed  plan  and  elevation  of  the  bridge^  and  all  facts  bear- 
ing upon  the  question  of  its  relation  to  the  navigation,  to  enable  you  to 
prepare  a  full  report  upon  the  subject. 

On  accomplishing  this  duty  you  will  return  to  Saint  Louis,  Missouri, 
and  without  further  delay  there  than  the  business  in  question  may  call 
for,  you  will  proceed  thence  to  Cincinnati,  Ohio,  and  continue  your 
duties  with  me  at  this  office.    I  inclose  for  your  information  the  within 
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copies  of  two  papers  just  received  from  the  Headquarters  of  the  Corps 
of  Engineers. 

I  aHa,  very  respectfully,  your  obedient  servant, 

J.  N.  MACOMB, 
Colonel  Engineers^  Brevet  Colonel  U,  8.  -4., 

in  charge  Western  River  Improvements. 
Bvt.  Major  C.  B.  Suteb, 

Captain  of  Engineers^  U.  8.  A. 


We,  the  undersigned,  owners,  captains,  and  pilots  of  boats  navigating 
the  Missouri  Biver,  hereby  respectfully  certify  that  the  '*  Kansas  City 
bridge"  is  not  being  built  at  an  accessible  point,  as  provided  by  the  Zaic, 
and  greatly  hinders  and  endangers  navigation  at  all  times,  but  especially 
during  high  water,  when  it  is  impassable  with  any  degree  of  safety.  And 
we  hereby  pledge  our  best  endeavors  to  effect  its  removal. 

W.  P.  Lamothe,  pilot  and  owner.  George  Vickers,  pilot. 

P.  Yore,  pilot  and  owner.  Edward  8.  Hemdor,  captain. 

James  A.  Yore,  pilot  and  owner.  William  8.  Herndor,  pilot. 

David  Haney,  pilot.  John  La  Barge,  captain. 

E.  W.  Gould,  owner.  James  Gunsallas,  captain. 

J.  P.  Fitzgerred,  owner.  H.  K.  Hazlett,  captain  and  pilot. 

V.  N.  Yore,  pilot.  W.  B.  Carter,  owner. 

H.  H.  Symones,  captain  and  pilot.  J.  H.  Coun,  owner. 

Grant  Marsh,  pilot.  J.  8.  Carter,  owner. 

T.  8.  Calhoon,  captain  and  owner.  Frank  Carter,  owner. 

John  B.  Adner,  pilot.  Henry  8.  Carter,  owner  and  captain. 

Henry  Keith,  pilot.  Joseph  La  Barge,  jr.,  capt.  and  pilot. 

D.  H.  Silver,  captain  and  pilot.  Joseph  C.  La  Barge,  pilot. 

J.  W.  Gartrel,  pilot.  W.  W.  Ashley,  pilot. 

William  Conley,  pilot.  A.  G.  La  Barge,  pilot. 

Fred.  Dozier,  pilot  and  1.  b.  owner.  Thomas  J.*  La  Barge,  pilot. 

J.  B.  Sousby,  pilot.  .  J.  Cathright,  captain. 

David  L.  Keiser,  pilot.  B.  Porter,  Owner. 

T.  K.  Yoorhees,  captain.  W.  B.  Massie,  pilot  and  owner. 

A.  Burbank,  pilot.  Sam.  Constant,  pilot. 

B.  G.  Baldwin,  pilot.  E.  B.  McPherson,  jr.,  owner. 
A.  Beeder,  pilot.  M.  Hillard,  owner. 

L.  Burbank,  pilot.  John  G.  W.  Poonce,  pilot. 

John  T.  Doran,  pilot.  Lawrence  Wessells,  pilot. 

J.  E.  Tebeau,  pilot.  John  A.  Schwab,  pilot.  . 

John  T.  Stansbury,  -pilot.  William  M.  Young,  pilot. 

Joseph  Feet,  pilot.  E.  J.  Whitledge,  owner. 

William  C.  Jamison,  pilot.  George  W.  Boyd,  captain. 

Joseph  Throckmorton,  captain.        M.  H.  Cropster,  captain. 

Captain  Ben.  Johnson,  captain.        E.  Spencer,  captain. 

Thomaa  W.  Scott,  pilot.  Samuel  Byder,  captain. 

H.  G.  Carson,  captain.  Bobert  B.  Bailey,  captain« 

J.  D.  Dooper,  pilot.  N.  P.  Constandt,  owner,    [owner. 

C.  W.  Blunt,  pilot.  Henry  McPherson,  captain  and 
John  W.  Gilham,  pilot.  C.  L.  Sombart,  owner. 

Charles  A.  Wiseman,  pilot.  Thomas  W.  Brylan,  owner^ 

William  W.  Baker,  pilot.  William  W.  Ater^  owner. 

Thomas  C.  Bigger,  pilot.        [pilot.  William  D.  Shank&  eaptain. 
James  W.  Gansoller,  captain  and  O.  J.  Bogers,  captain  and  owner* 
WiUiam  ThicekmortoD,  pilot»  D.  Baldwin,  pilot. 

J.  W.  Malin,  captain.  G.  W.  Yaughn,  pilot. 
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E. 

9 

AN  ACT  to  authorize  the  constructioa  of  certain  bridges,  and  to  establish  them  as  post 

roads. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United 
States  of  America  in  Congress  a^sembled^  That  it  shall  be  lawful  for  any 
person  or  persons,  company,  or  corporation  having  authority  from  the 
States  of  Illinois  and  Missouri  for  such  purpose,  to  build  a  bridge  across 
the  Mississippi  Eiver  at  Quincy,  Illinois,  and  to  lay  on  and  over  said 
bridge  railway  tracks  for  the  more  perfect  connection  of  any  railroads 
that  are  or  shaU  be  constructed  to  the  said  river  at  or  opposite  said  point, 
and  that  when  constructed,  all  trains  of  all  roads  terminating  at  said 
river  at  or  opposite  said  point  shall  be  allowed  to  cross  said  bridge  for 
reasonable  compensation,  to  be  made  to  the  owners  of  said  bridge,  under 
the  limitations  and  conditions  hereinafter  provided.  And  in  case  of  any 
litigation  arising  from  any  obstniction  or  alleged  obstruction  to  the  free 
na\igation  of  said  river,  the  cause  may  be  tried  before  the  district  court 
of  the  United  States  of  any  State  in  which  any  portion  of  said  obstruc- 
tion or  bridge  touches. 

Sec.  2.  And  he  it  further  eno/ctedy  That  any  bridge  built  under  the 
provisions  of  this  act  may,  at  the  option  of  the  company  building  the 
same,  be  built  as  a  drawbridge  with  a  pivot  or  other  form,  or  with  un- 
broken and  continuous  spans :  Provided^  That  if  the  said  bridge  shall 
be  made  with  unbroken  and  continuous  spans,  it  shall  not  be  of  less  ele- 
vation in  any  case  than  fifty  feet  above  extreme  high-water  mark  as  un- 
derstood at  the  point  of  location  to  the  bottom  chord  of  the  bridge,  nor 
shall  the  spans  of  said  bridge  be  less  than  250  feet  in  length,  ana  the 
piers  of  said  bridge  shall  be  parallel  with  the  current  of  the  river,  and 
the  main  span  shall  be  over  the  main  channel  of  the  river,  and  not  less 
than  three  hundred  feet  in  length :  And  provided  also.  That  if  any 
bridge  built  under  this  act  shall  be  constructed  as  a  draw-bridge,  the 
same  shall  be  constructed  as  a  pivot  di*aw-bridge  with  a  draw  over  the 
main  channel  of  the  river  at  an  accessible  and  navigable  point,  and  with 
spans  of  not  less  than  160  feet  in  length  in  the  clear  on  each  side  (f  the 
central  or  pivot  pier  of  the  draw,  and  the  next  adjoining  spans  to  the 
draw  shall  not  be  less  than  250  feet,  and  said  spans  shall  not  be  less 
than  thirty  feet  above  low-water  mark,  and  not  less  than  ten  above 
extreme  high- water  mark,  measuring  to  the  bottom  chord  of  the  bridge, 
and  the  piers  of  said  bridge  shall  be  parallel  with  the  current  of  the  river : 
And  provided  alsOj  That  said  draw  shall  be  opened  promptly,  upon  rea- 
sonable signal,  for  the  passage  of  boats  whose  construction  shall  not  be 
such  as  to  admit  of  their  passage  under  the  permanent  spans  of  said 
bridge,  except  when  trains  are  passing  over  the  same,  but  in  no  case 
shall  unnecessary  delay  occur  in  opening  the  said  draw  during  or  after 

the  passage  of  trains. 

•  •  •  •  •     .  •  • 

Sec.  10.  And  he  it  further  enacted^  That  any  company  authorized  by 
the  legislature  of  Missouri  may  construct  a  bridge  across  the  Missouri 
Biver  at  the  city  of  Kansas,  ujpon  the  same  terms  and  conditions  pro- 
vided for  in  this  act 

•  •••••• 

Sec.  13.  And  he  it  further  enacted^  That  the  right  to  alter  or  amend 
this  act  so  as  to  prevent  or  remove  all  material  obstructions  to  the  navi- 
gation of  said  river  by  the  construction  of  bridges,  is  hereby  expressly 
reserved. 

July  25, 1866, 
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M  2. 

Headquabtebs  Depabtment  of  the  Missoubi, 

Office  Chief  Engineer, 
Fart  Leavenworth,  Kansas,  February  7, 1809. 

Sib  :  I  have  the  honor  of  calling  your  attention  to  a  new  method  for 
channeling  through  sand-bars  which  obstruct  the  navigation  of  western 
rivers.  The  method  appears  feasible  and  worthy  of  trial.  If  successful 
it  may  be  made  the  means  of  relieving  the  government  from  further 
expenditure  for  dredging,  by  making  it  to  the  advantage  of  the  steam- 
boat owners  to  adopt  it  and  thus  enable  each  steamer  to  force  a  channel 
for  herself  over  the  worst  bars. 

The  method  was  suggested  by  observing  the  efifect  produced  on  sand- 
bars by  slightly  increasing  the  velocity  of  the  current  over  them,  and  at 
the  same  time  loosening  the  sand  to  make  it  wash  easier — objects  now 
attained  by  river  men,  when  working  over  a  bar,  in  a  very  clumsy  and 
not  always  effective  manner,  viz,  by  the  use  of  spars,  forcing  the  bow 
of  a  boat  on  a  bar,  thus  loosening  the  sand  and  giving  the  current  suffi- 
cient strength  to  carry  the  loosened  material  away. 

1  propose  to  loosen  and  wash  away  the  material  of  bars  by  forcing 
directly  upon  it  several  streams  of  water,  discharged  from  the  huH  of  a 
boat.  The  water  to  be  drawn  from  near  the  stem  of  the  boat,  through 
a  suction  pipe,  and  by  a  forcing  pump  driven  out  forward  through  pipes 
or  hose,  discharging  at  the  lower  line  of  the  hull  directly  on  the  bar. 

Any  required  volume  and  velocity  can  be  given  these  streams  that 
experiment  may  show  necessary. 

The  machinery  can  be  of  the  simplest  kind.  That  which  I  have  designed 
will  consist  of  a  centrifugal  suction  and  forcing  ])ump  driven  by  an  aux- 
iliary engine,  and  of  the  necessary  supply  and  discharge  ]>ipes  with 
their  connection.  The  whole  will  occupy  but  a  small  space  in  the  for- 
ward hold  of  the  boat  (a  space  seldom  economized)  and  will  be  entirely 
out  of  the  way.  The  cost  will  range  from  $2,000  to  $5,000,  dependent 
on  the  size  of  pump  and  engine  used. 

To  jise  this  proposed  method,  tHe  pilot  of  the  boat,  after  selecting  his 
point  of  crossing,  will  run  her  head  on  to  the  bar  and  keep  her  in  posi- 
tion; the  washer  will  then  be  set  at  work  and  the  boat  continually  forced 
ahead  by  her  wheels,  until  a  crossing  is  effected. 

By  turning  the  nozzles  of  the  discharge  pipes  slightly  backward,  I 
make  the  escaping  water  aid  the  boat  forward;  the  streams  discharged 
dig  up  the  sand  and  wash  it  back  far  enough  to  bring  it  within'  range 
of  the  wheels,  which  latter  then  wash  it  past  the  stem  of  the  boat 
Should  this  method  prove  successful,  I  believe  that  it  will  be  of  great 
advantage  to  river  commerce. 

It  cannot  be  expected  that  the  government  will  every  year  spend  thou- 
sands of  dollars  to  remove  sand-bars  which  re-form  at  every  flood.  Those 
interested  in  river  navigation  ought  to  make  themselves  indei)endent  of 
such  obstructions,  and  of  government  aid,  but  they  will  not  entertain 
the  idea  until  forced  to  do  so. 

By  this  method,  or  by  one  similar,  steamboat  men  might  be  placed  in 
position  to  help  themselves  a^  they  ought  to  do,  and  the  moneys  appro- 
priated by  Congress  for  dredging,  &c.,  would  be  disposable  for  more 
iniportant,  permanent  improvements. 

If  this  meets  with  your  approval,  I  would  respectfully  suggest  that  a 
trial  be  made  on  the  boat  to  be  employed  on  the  Upper  Missouri,  next 
season.  If  valuable  for  the  purpose  intended,  it  will  be  the  means  of 
lengthening  the  working  season. 
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I  am  engaged  in  perfecting  the  plan  of  machinery  to  be  used,  and  if 
you  desire  will  forward  drawings. 

1  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

C.  W.  HOWELL, 
Captain  of  Engineers  and  Brevet  Major  U,  8.  A, 

Bvt.  Maj.  Gen.  A.  A.  Humphreys, 

Brig.  Oen,  and  Chief  of  Engineers  U.  8.  J.., 

Washington^  D  C, 


Headquarters  Department  of  the  Missouri, 

Office  Chief  Engineer, 
Fort  Leavenworth^  Kansas^  March  3, 1869. 

Sir:  I  have  the  honor  of  forwarding  herewith,  description  and  draw- 
ings of  the  machine  I  propose  for  use  in  removing  sand-bars. 

The  principal  parts  are,  the  engine-pump  and  distributor,  with  the 
supply  and  discharge  pxjpeB.  The  engine  will  be  supplied  direct  flpom 
the  main  boilers  on  the  boat,  and  directly  connects  with  the  pump  to 
avoid  loss  of  power;  by  making  the  stroke  short,  the  required  velocity 
can  be  gained. 

I  have  selected  a  centrifugal  pump,  for  the  reason  that  it  gives  volume 
and  a  constant  flow  without  the  use  of  valves  and  packing,  liable  to  fre- 
quent derangement  when  used  with  very  muddy  water.  From  the  best 
information  I  have  been  able  to  gain,  the  pump  known  as  ^^Gwynne's 
l)atent,''  will,  I  think,  be  the  proper  one  to  use.  I  am  corresponding  with 
the  agents,  Messrs.  Eads  and  Nelson,  St.  Louis,  and  in  a  few  days  expect 
foil  information. 

In  case  no  pump  can  be  found  to  answer  the  purpose,  I  have  designed 
one  which  I  think  will.  I  send  plan  and  description.  It  would  cost 
much  more  than  Gwynne's,  because  of  the  expense  of  pattern. 

The  distributor  is  simply  an  arrangement  for  attaching  the  several 
discharge  pipes  to  the  pump.    It  is  shown  in  Fig.  I. 

The  supply  pipe  I  propose  to  make  the  same  as  the  cistern  pipes  used 
with  steam  flre-engines.  It  runs  the  wholjd  length  of  the  boat  along  the 
center  truss  of  the  hull,  and  rests  on  the  ribs.  A  hand  valve  at  the 
outer  end  shuts  off  the  supply  of  water.  Its  connection  with  the  pump 
is  shown  in  ^"ig.  II. 

The  discharge  pipes  may  be  strong  leather  hose  or  iron  pipe,  and  will 
be  connected  with  the  distributor  and  with  the  nozzles  by  the  ordinary 
method  in  use  for  hose  connections. 

The  nozzle  is  shown  in  Fig.  I.  It  is  arranged  to  discharge  forward 
when  the  boat  is  headed  down  stream,  and  backward  when  going  up. 
Tt  is  turned  by  an  iron  bar  represented  in  the  figure.  It  discharges  at 
the  lower  line  of  the  hull  and  directly  on  the  sand  to  be  moved. 

The  pump  which  I  have  designed  consists  of  an  outer  cylinder  L, 
clamped  by  connecting  bolts  between  the  two  iron  plates,  ( — )  forming  the 
top  and  bottom  of  the  pump,  making  a  water-tight  cylindrical  box. 
Within  this  and  concentric  with  the  outer  cylinder  is  the  inner  casing 
0,  which  revolves  about  a  vertical  axis  A,  and  carries  with  it  six  vaues, 
(XXI.)  These  vanes  are  arranged  to  slide  alternately  from  and  to  the 
center,  the  motion  baling  directed  by  two  eccentric  guides  a  b. 

The  water-way,  which  is  between  c  and  d,  is  contracted  to  give  between 
the  supply  D,  and  discharge  E,  pipes,  the  guides  forcing  the  vanes  into 
the  inner  cylinder  to  pass  this  point.  Between  R  and  S,  the  vanes  fill 
the  whole  water-way,  forcing  the  water  out  in  front,  and  by  suction 
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filling  the  space  left  behind.  To  relieve  the  axis,  Mction  wheels  are 
placed  under  the  revolving  cylinder,  one  of  them,  K,  being  shown  in 
Fig.  II.  A  heavy  fly-wheel  is  used  to  regulate  the  motion.  The  pump 
may  be  made  of  any  required 'size.  The  one  represented  is  intended  to 
throw  50  barrels  per  minute,  and  will,  I  think,  be  large  enough. 

The  drawings  are  made  to  a  scale.  The  pump  is  similar  to  that 
designed  by  Dietz,  but  I  have  introduced  several  modifications  of  his 
plan.  I  have  represented  plain  vanes;  it  might  be  well  to  curve  them 
as  in  Appold's  pump.  The  inner  guide  might  perhaps  be  dispensed  with, 
the  centrifugal  force  being  sufficient  to  throw  the  vanes  out  after  pass- 
ing the  discharge  pipe. 

A  practical  mechanic  would  no  doubt  make  useful  changes  in  the 
details  of  construction. 

Very  respectfully,  your  obedient  servant, 

0.  W.  HOWELL, 
Captain  of  Engineers  and  Brevet  Major  I/.  &  A» 

Bvt.  Maj.  Gen.  A.  A.  Humphreys, 

Brig,  Oen.  and  Chief  of  Engineers  U.  8.  A., 

Washington^  i>,  0. 


Estimated  cost  of  machine, 

200-barrel  pump,  Gwynne's  patent $500  00 

Engines  (double)  with  coupling,  (probably) 1, 000  00 

Distributor,  including  pattern,  (probably) 100  00 

Four  nozzles  and  boxes,  at  $25,  (probably) .   100  00 

1, 700  00 
Cost  of  pipes,  (no  reliable  estimate.) 

Cost  of  docking  boat,  about 20O  00 

Cost  of  setting  up  machine 

Probable  total  cost,  $2,500  to  $3,000. 

These  estimates  are  only  approximate  and  founded  on  the  best  author- 
ity I  have  been  able  to  get  for  cost  of  castings,  patterns,  hose  and  labor. 

If  some  pump  at  present  in  use  is  not  adopted,  the  cost  of  pattern  for 
a  new  design  will  be  about  $1,000,  to  be  added  to  above. 


M3. 

WASTE  LANDS,  MISSISSIPPI  RTVEB. 

Memorial  of  Brevet  Brigadier  Oeneral  B.  8.  Roberts^  on  a  plan  for  re- 
claiming the  waste  lands  of  the  Lower  Mississippi. 

Washington,  D.  C,  January^  1866. 

Sib:  The  magnitude  of  the  subject  I  propose  in  this  memoir  to  bring 
to  your  notice,  and  through  you  to  the  consideration  of  Congress,  and 
the  vast  interests  involved  in  reclaiming  and  converting  to  the  use  of 
the  world,  the  delta  lands  of  the  Lower  Mississippi  Valley,  would  suggest 
a  sufficient  excuse,  were  any  necessary,  for  this  manner  of  expressing  my 
views  on  this  subject,  and  attracting  the  attention  of  the  country  to  the 
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unappropriated  elemente  of  prosperity  in  the  material  of  the  waters  of 
Mississippi,  borne  on  by  its  eternal  flood  and  constantly  wasted  in  the 
tides  of  tlie  Gulf  of  Mexico.  ^ 

I  here  propose,  briefly,  to  sug^gfest  my  undoubting  conviction  that  a 
new  plan  of  diking  the  Lower  Mississippi  in  conne43tiou  with  a  system 
of  water- weirs  and  gates,  so  constracted  at  proper  distances  in  the  levees 
of  the  river  that  during  all  the  seasons  of  great  floods,  vast  volumes 
of  the  waters  of  the  river,  thick  with  the  delta-making  material  borne 
down  in  the  Missouri  and  other  great  rivers  of  the  northwest,  may  be 
turned  off  to  overflow  the  extensive  swamps  and  morasses,  and  All  the 
lagoons  and  lakes  abounding  between  the  table  lands  and  the  proper 
alluvial  bottoms  of  the  Lower  Mississippi  Ba«in,  depositing  in  them  and 
creating  from  these  waters  new  and  rich  delta-lands,  and  by  degrees 
raising  tliem  to  the  level  of  the  stream  when  in  flood.  In  this  manner 
it  is  proposed  to  redeem  them  from  their  present  waste,  turn  them  to 
bottoms  exul>erant  in  richness  for  the  culture  of  cotton  and  sugar,  relieve 
the  country  from  their  fatal  malarias,  and  create  sanitary  and  product- 
ive soil  where  morass,  swamps,  stagnant  lagoons,  and  lakes,  are  the 
fruitful  causes  of  t^e  contagidtis  and  pestilences  of  this  region. 

The  fact  that  an  engineer  of  the  army,  distinguished  for  capabilities  as 
a  general,  and  in  scientific  and  practical  engineering,  has  been  charged 
by  you  with  the  repairs  of  the  levees,  neglected  and  destroyed  since  the 
beginning  of  the  rebellion,  and  sent  to  superintend  their  reconstruction, 
suggests  clearly  to  my  mind  your  views  of  the  powers  of  the  government 
to  take  in  hand  any  measures  of  this  nature,  involving  and  facilitating 
commercial  intercourse  with  the  many  States  washed  and  traversed  by  the 
tributaries  of  this  great  'inland  sea,"  and  all  emptying  their  floods 
through  this  great  lower  basin  of  the  Mississippi  into  the  Gulf  of 
Mexico. 

How  far  the  government,  under  its  constitational  powers  ^'to  regulate 
commerce  between  different  States,"  can,  incidentally,  in  improving 
the  navigation  of  this  tide- water  river,  introduce  improvements  by  any 
uew  system  of  diking,  releasing  the  main  flood-waters  from  existing 
banks  and  beds,  so  as  to  divert  their  creative  material  of  delta  into 
the  swamps,  lagoons,  and  lakes  of  the  States  of  Arkansas,  Mississippi, 
and  Louisiana,  and  reclaim  them  from  wastes  productive  only  of  con- 
tagions, fevers,  and  pestilences.  Congress  must  decide.  But  it  is  in  my 
judgment,  offered,  however,  with  difiidence,  as  clearly  within  the  powers 
of  Congress  as  it  is  to  pass  laws  of  quarantine  and  health,  or  laws  to 
protect  life  and  preserve  health  on  steamers  that  navigate  this  river  on 
the  high  seas.  Preventive  meajsures  against  pestilence  and  epidemics 
at  home  are,  or  ought  to  be,  as  much  under  the  control  of  Congress, 
as  legislation  to  close  our  harbors  and  rivers  against  their  importation 
from  abroad. 

At  all  events,  the  right  of  the  government  to  improve  navigation  of 
rivers  that  flow  into  the  sea  is  conceded;  and  under  this  concession  I 
shall  proceed  to  show  that  the  plan  I  propose  goes  directly  to  this 
point,  and  is  one  of  the  most  economical  and  practical  the  government 
can  adopt. 

Under  the  present  regimen  of  this  river,  as  partially  regulated  by 
existing  systems  of  dikes,  the  waters,  charged  with  their  rich  and  fertili- 
zing material  forming  our  deltas,  are  not  permitted  to  spread  themselves 
over  the  great  alluvial  bottoms  of  the  States  I  have  mentioned,  but  are 
borne  on  into  the  Gulf,  depositing  their  material  near  the  great  mouths, 
and  constantly  forming  new  land  there. 

The  heavier  water  of  the  sea,  and  the  stronger  tide  and  stream  of  the 
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Gulf,  throw  back  this  material,  and  deposit  it  in  and  about  the  coufln- 
ence  of  the  fresh  with  the  salt  water.  Here  it  creates  and  iacresAes  bars, 
setting  back,  as  dams  set  back«  the  waters  in  their  channels,  and  in  pro- 
cess of  time  raises  the  water  in  the  main  beds  above  their  banks,  requiring 
continually  higher  and  stronger  dikes  to  prevent  overflow  and  the 
destruction  of  plantations  whose  levels  are  below  high-water  lines. 

These  are  the  unchangeable  laws  governing  the  creation  and  growth 
of  great  alluvial  bayous  and  bottoms.  These  are  nature's  laws,  and 
can  only  be  partially  changed  by  artificial  means,  in  a  greater  or  less 
degree,  however,  as  the  skill  and  ingenuity  of  man  practically  applied 
may  alter  them. 

The  geography  of  the  great  Mississippi  Bayou  is  particularly  favor- 
able to  the  successful  application  of  skillful  engineering,  so  as  to  control 
the  regimen  of  this  river,  and,  in  the  progress  of  time,  aiding  and  direct- 
ing its  fiood  to  accomplish,  by  its  own  power  and  perpetual  laws,  the 
regeneration  of  its  wastes  of  marsh,  swamps,  morass,  lagoons,  and  lakes, 
and  make  them  prolific  sources  of  wealth. 

The  system  should  begin  up  the  river,  where  dikes  are  necessary  to 
preserve  the  plantations  and  cultivate  lands  from  overflows  by  high 
water.  From  these  ix)ints  to  the  mouth  of  the  river  waste  weirs  of  tim- 
ber, with  revetted  aprons  of  plank,  should  be  constructed  in  the  levees, 
so  as  to  carry  off  the  flood- waters  into  the  swamps,  marshes,  and  lagoons, 
depositing  in  them  the  delta-making  material  of  every  flood,  whfie  the 
water  by  evaporation,  spreading  out  over  greater  surface,  wastes  itself, 
is  drank  up  by  the  soil,  or  filters  itself  through  the  sands  and  is  lost  in 
other  outletis  to  the  Gulf.  The  proportion  and  number  of  the  waste- 
weirs  must  be  regulated  by  the  t6pography  of  the  country,  the  extent  of 
morass,  swamps,  lagoons,  and  lakes  to  be  filled.  The  most  thorough 
surveys  by  practical  and  skilled  engineers  should  be  made  to  determine 
their  number  and  the  volume  of  water  they  should  waste. 

The  cost  of  such  waste- weirs  or  aprons,  at  500  or  even  1,000  points 
along  the  length  of  the  levees  from  Tennessee  to  the  mouth  of  the  river, 
would  be  an  insigificant  figure  above  the  cost  of  the  earth  levees  as  now 
constructed.  They  would,  in  fact,  form  only  another  plan  of  diking  by 
using  at  intervals  timber  instead  of  earth,  built  at  a  less  height,  revetted 
with  plank  aprons,  over  which  the  water  with  its  delta-making  material 
will  fiow  into  the  low  swamps  and  morasses  during  all  seasons  of  flood.  ' 

Compared  with  the  benefits  to  the  country,  it  would  be  economy 
should  they  cost  millions ;  for  in  all  time  they  would  be  creating  new 
and  rich  lands,  and  precipitating  the  time  when,  in  God's  unchanging 
creative  laws,  to  prepare  the  earth  for  the  growth  and  development  of 
man  under  the  divine  decree  to  multiply  and  replenish  the  earth,  "the 
mountains  shall  be  made  low  and  the  valleys  exalted." 

Illustrations  without  number  are  conclusive  of  the  truth  of  my  theory 
and  its  practical  application.  Few  men  have  lived  long  in  the  lower 
basin  of  the  Mississippi  River  without  observing  its  realization  in  the 
formation  in  a  few  years  of  new  islands  and  lands  whenever  heavy 
floods,  and  the  drift  they  often  lodge  in  the  beds  of  the  river,  have 
changed  the  direction  of  the  current  of  the  stream  so  as  to  form  eddies. 
Here  the  force  of  the  stream  ceases  to  carry  on  the  delta-making 
material  with  its  current.  In  a  single  flood  large  deposits  are  precipi- 
tated, forming  the  foundation  for  a  new  island,  increasing  in  its  propor- 
tions with  each  succeeding  flood,  and  in  the  lifetime  of  a  single  individual 
growing  to  the  magnitude  of  a  planting  habitation.  In  fact,  these 
changes  are  so  sudden,  and  the  accumulation  of  delta  so  extraordinary 
in  a  very  few  years,  that  pilots  of  the  Lower  Mississippi,  absent  or 
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nnemployed  fo^  such  periods  of  time,  are  lost  in  their  bearings,  and 
must  study  the  new  landmarks  to  resume  with  any  degree  of  safety 
*  the  helm  of  the  steamers  that  thread  the  changing  channels  of  this 
mighty  river. 

It  must  be  conceded,  then,  that  much  of  the  delta-making  material 
in  the  waters  of  the  Mississippi,  that  would  be  borne  into  the  Gulf  in  its 
natural  flow,  can  be  spread  out  by  artificial  means,  and  deposited  in  the 
swamps,  marshes,  morasses,  lagoons,  and  bottom  lakes,  of  its  lower  basin. 
This  will  lessen  so  much  of  the  formation  of  new  land  and  bars,  at  the 
embouchures  into  the  Gulf;  and  while  it  lessens  the  constantly  accumu- 
lating and  elevating  alluAium  there,  that  sets  back  the  water  m  the  bed 
of  the  stream,  increasing  the  obstruction  to  navigation  by  enlarging  the 
bars  and  necessitating  the  construction  of  higher  dikes  to  save  the 
lower  plantations  from  inundation,  it  will  at  the  same  constant  rate 
make  new  formations  and  new  soil  in  the  morasses  and  swamps  above, 
and  in  time  raise  all  the  upper  basin  to  a  higher  level,  drain  or  expel 
the  waters  of  its  lagoons  and  lakea,  and  reclaim  for  the  purposes  of 
agriculture  the  most  favored  valley  of  the  two  hemispheres  for  the 
growth  of  cotton  and  sugar.  Such  is  the  rationale  of  fact,  so  far  as  we 
know  of  the  past.  Reason  and  the  geological  history  of  all  similar  great 
alluvial  basins  confirm  it«  truth.  In  the  progress  of  civilization,  science 
and  man,  the  elements  are  made  to  subserve  his  interest  and  to  aid  in 
the  preparation  of  the  wilderness  and  waste  places  for  the  expansion  of 
empire  and  the  growth  of  the  human  race. 

In  the  old  world  the  alluvium  of  Holland  and  other  low  countries 
have  been  improved  and  made  the  most  productive  and  remunerative 
lands  of  that  continent.  Different  systems  for  drainage  have  been 
adopted,  but  they  have  all  been  effected  at  enormous  labor  during  long 
periods  of  time,  and  at  almost  fabulous  costs.  In  the  low  lands  of 
Holland  large  lagoons  and  lakes  were  emptied  by  the  process  of  pumping 
their  waters  to  higher  levels  and  draining  them  irom  such  positions  by 
canals  and  ditches ;  but  years  were  spent  in  this  slow  process,  and  royal 
exchequers  exhausted.  But  the  vast  extent  of  morass  and  swamp,  and 
the  great  volume  and  surface  of  water  in  the  lagoons  and  lakes  in  the 
Lower  Mississippi  Basin,  would  render  all  mechanical  means  unavailing 
in  the  regeneration  of  wastes  of  their  magnitude.  For  this  reason  I 
propose  to  subjugate  to  use  for  this  great  achievement  the  mighty  power 
of  the  everlasting  flood  of  the  father  of  waters.  That  is  unchanging, 
and  by  its  own  laws  of  flow  and  evaporation  and  deposit  will  in  less 
time  perform  this  plan  of  reclaiming  the  wastes  of  this  great  alluvial 
basin  than  the  application  of  the  powers  of  all  known  mechanical  forces, 
directed  by  the  highest  practical  skill  of  man.  I  therefore  propose/' to 
lay  my  hand  on  the  main"  of  this  torrent,  and,  bridling  its  accumulated 
waters,  tame  their  normal  insubordination,  and  convert  its  never  failing 
power  to  cumulative  use  that  will  profit  mankind  in  all  progressive  time. 

This  proposition  and  its  theory  will  doubtless  present  itself  in  a  novel 
and  possibly  startling  sense  to  many  scientific  and  practical  engineers, 
unfamiliar  with  the  geological  and  topographical  peculiarities  of  the 
lower  basin  of  this  valley,  the  origin  of  the  principal  floods  of  the  Mis- 
sissippi and  its  great  tributaries.  It  is,  therefore,  proper  that  I  should 
bring  to  their  notice  and  ask  their  attention  to  the  habits  of  all  these 
main  supplying  waters,  and  to  their  influence  over  the  regulation  of  the 
great  yearly  floods  that  spend  their  active  force  and  power  before 
reaching  the  lower  bottoms  and  basins  of  their  '^agua  madreP 

The  floods  of  these  tributaries  have  their  origin  in  rain-tables  in  remote 
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latitudes  from  each  other,  and  they  are  conaeqaently  seldom  contempora- 
neous and  in  confuence. 

The  melting  snows,  and  the  rains  that  swell  the  Ohio  and  the  water- 
table  of  the  western  slope  ot  the  AUeghanies,  and  the  eastern  dip  of  the 
rolling  lands  and  prairies  of  Illinois,  Indiana,  and  Ohio,  occur  long  before 
the  flood  of  the  Arkansas,  that  has  its  cause  in  the  melting  snows  of 
the  Sierra  Madres  of  New  Mexico  and  Colorado  Territories,  The  Illinois 
River,  that  drains  the  central  and  northern  prairies  of  the  State,  is  sel- 
*dom  at  it^  full  flow  when  the  melting  snows  of  the  extreme  northwest 
and  the  Hudson  Bay  region  bring  down  the  greater  and  later  drainage 
from  the  upper  lake  country,  jn  the  clear  wat^r  channel  of  the  Upiier 
Mississippi.  But  the  still  mightier  tide,  that  rolls  down  the  floods  from  the 
Yellowstone  and  the  upper  sources  of  the  Missouri,  having  their  ciMise 
in  the  thawing  at  a  still  later  season  of  the  eternal  snows  of  the  highest 
mountains  of  the  Cordilleras  of  Russian  America,  has  its  prominent 
independence  of  all  others,  as  it  has  its  higher  sublimity  and  ])ower  from 
the  vastness  of  its  drainage,  and  the  magnitude  of  its  mountain  sources, 
in  ever  increasing  snows  deposited  from  the  vapor  of  the  great  Pacific 
Ocean,  borne  on  by  the  prevailing  winds  from  that  ocean's-  coast,  and 
constantly  precipitat'Cd  on  the  snow-capped  tops  of  mountains  where 
man  has  not  yet  trodden.  None  of  these  great  rivers,  in  their  lower  and 
broad  valleys,  dash  down  their  floods  with  any  of  the  fury  of  mountain 
torrents,  suddenly  swollen  by  heavy  rains  or  melting  snows;  but  they  roll 
them  thousands  and  more  of  miles  through  broad  valleys  of  gradual  and 
slight  slope,  after  spending  their  destructive  torrent  force  in  higher  alti- 
tudes and  narrow  mountain  beds,  until  they  meet  and  mingle  in  the  still 
broader  valley  of  the  Mississippi  bottom.  Here  they  become  tranquilized 
as  they  mix  and  mingle  together,  and  swell  on  in  greater  majesty  but 
less  rapid  currents  through  the  lower  basin,  as  if  hesitating  to  lose  their 
individuality  in  the  seas  that  drink  them  up.  In  this  basin,  whose  delta 
lands  are  of  uniform  level,  they  may  be  subjugated  to  the  control  of  man, 
and  spread  out  by  artificial  means,  having  lost  the  destructive  i)ower  of 
torrents  and  floods  precipitated  from  mountain  slopes  and  high  lands. 

The  rise  of  the  flood  waters  of  the  Mississippi  below  the  mouth  of  the 
Arkansas  is  always  by  slow  degrees,  seldom,  I  believe,  to  exceed  four 
inches  in  any  twenty-four  hours.  Artificial  banks  and  dikes  confine 
these  waters  in  their  main  channel  from  the  mouth  of  this  river  to  the 
Gulf.  These  dikes  are  constructed  with  a  height  intended  to  prevent 
any  overflow  of  the  highest  floods.  It  is  from  the  mouth  of  this  river 
that  I  propose  to  operate  my  plan,  and  from  preceding  premises  my 
illustrations  will  now  be  made  more  cleai*. 

The  aprons  of  my  waste-weirs  should  be  constructed  at  medium  water- 
lines.  The  increased  voluipe  of  water  at  highest  flood  can  be  estimated, 
and  the  extent  of  morass,  swamp,  marsh,  lagoons,  lakes,  and  bottom  sur- 
£Eice  it  is  Intended  to  spread  over,  can  also  be  calculated.  The  average 
days  of  floods  of  each  year  can  also  be  ascertained.  The  amount  of 
delta-making  material  in  every  thousand  cubic  feet  of  flood  water  can 
also  be  gathered  and  accurately  measured.  When  these  four,  now 
unknown  quantities,  that  enter  into  the  problem  of  the  plan  are  ascer- 
tained, the  number  and  extent  of  necessary  wa«te-weirs  may  be  suffi- 
ciently approximated  for  all  practical  purposes,  and  the  problem  will  be 
resolved. 

To  proceed  with  my  demonstration :  suppose  the  waste-weirs  are  in 
proper  number,  and  at  proper  distances  conducted  along  the  entire 
length  of  dike  from  the  confluence  of  the  Arkansas  with  the  Mississippi 
to  the  mouth  of  this  last-named  river,  and  the  waters  gradually  rise  in 
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flood  as  they  reach  the  tops  of  the  aprons  by  slow  degrees,  and  seek 
slowly  the  lowest  levels — ^the  swami)s,  marshes,  morasses,  lagoons,  and 
lakes" of  a  basin  of  vast  extent  and  of  almost  unbroken  level — and  in 
these  they  spread  themselves  out  and  deposit  the  material  of  the  delta- 
maklDg  soil,  producing  in  the  fruition  of  its  fertilizing  nature  the  best 
qualities  of  cotton  and  sugar  of  the  world.  From  the  first  apron  in  the 
series,  over  which  the  waters  in  the  beginning  of  flood  commence  to 
waste  by  trickling  over  the  plank  revetments,  so  inclined  as  to  create 
little  or  no  current  as  the  waters  increase  to  the  last  of  the  series,  the 
same  wasting  operation  goes  on,  carrying  off  the  great  volume  of  the 
flood,  and  spending  its  accnmulating  force  and  volume  by  slowly  wast- 
ing them  as  they  grow,  and  would  otherwise  gain  resistless  strength. 
Thus  they  lose  the  destructive  power  of  confined  torrents  and  floods,  as 
the  waters  spread  out  over  the  va«t  level  surface  of  this  delta  basin,  and 
deposit  the  material  for  delta-making  soil,  raising  by  slow  but  perpetual 
increase  the  elevation  of  these  bottoms,  while  the  water*evaporates  and 
is  lost. 

Perhaps  it  is  a  clearer  enunciation  of  this  problem,  and  better  illustrates 
the  plan,  to  call  the  system  of  waste-weirs  artificial  rivers,  having 
the  capacity  to  carry  off"  and  waste  a  volume  of  water  equal,  or  approx- 
imating in  equality,  with  the  surplus  of  flood-water  over  the  medium 
flow  of  the  main  channel  below  the  mouth  oii  the  Arkansas.  This  is 
substantially  my  plan.  The  undertaking  is  one  of  great  proportions, 
and  its  accomplishment  would  be  of  value  that  cannot  be  over-estimated. 
To  reclaim  the  great  wastes  of  the  Mississippi  basin,  to  eliminate  the 
creative  causes  of  the  epidemics,  fevers,  and  pestilences  of  the  long, 
broiling,  epidemical  heat  of  summer  there,  to  convert  these  wastes  into 
the  richest  lands  of  this  continent,  and  at  the  same  time  to  improve  the 
navigation  of  the  emboi^chures  into  the  Gulf,  are  not  impossibilities. 
Nothing  short  of  impossibilities,  in  their  strongest  sense,  is  too  great 
for  the  energies  of  the  government,  and  the  skill,  ingenuity,  and  practi- 
cal science  of  American  engineers  and  enterprise  to  accomplish.  It 
should,  in  my  judgment,  be  undertaken ;  time  and  the  elements  of  this 
river  are  the  powers  and  mechanics  it  is  proposed  to  use,  and  they 
will  as  surely  accomplish  this  purpose  as  the  forces  of  nature  continue 
in  their  sure  unchanging  laws. 

It  has  appeared  to  me  that  the  present  is  a  profitable  and  propitious 
time  to  bring  this  subject  to  the  attention  of  the  country  and  Congress. 
The  transitive  state  of  things  in  the  South,  inviting  in  that  direction  the 
enterprise,  energy,  and  capital  of  the  North,  the  West,  and  the  Old  World, 
will  doubtless  develop  in  the  valley  of  the  Mississippi  new  systems  of 
agriculture,  and  new.  plans  for  the  more  profitable  cultivation  of  the 
principal  staples  of  commerce  of  the  Gulf  States,  cotton  and  sugar.  Lands 
most  productive  of  the  best  qualities  of  these  essential  necessities  to  all 
the  conditions,  convenience  and  comfort  of  man  will  be  in  constantly 
increasing  demand ;  and  nature,  in  its  progressive  creation,  seems  to  be 
preparing  the  alluvium  of  our  Gulf  States  for  the  supply  of  the  world. 

The  logic  of  events  should  not  be  mistaken,  and  in  the  progress  of 
things  let  us  wisely  apply  its  reasoning  and  prepare  for  a  great  future. 
The  experience  of  the  past  half  century  is  convincing  proof  that  the  Gulf 
States  are  to  furnish  the  main  supply  of  cotton  and  sugar  to  the  world, 
and  the  deltas  of  the  Mississippi  basins  have  proved  themselves  the 
most  productive  and  profitable  soils  for  the  growth  of  these  staples  of 
commerce.  It  has  also  proved  that  they  are  priUcipcd  among  the  sources 
of  revenue,  and  lead  in  the  agricultural  weal^  that  founds  and  perpet- 
uates our  conunercial  prosperity* 
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Should  these  views  present  this  subject  to  your  mind  in  a  new  and 
more  important  light  than  you  have  heretofore  considered  it,  I  beg  to 
suggest  the  appointment  of  a  board  of  engineers,  eminent  in  science 
and  practical  engineering,  to  examine  into  the  expediency  of  the  plan 
here  foreshadowed,  and  that  you  ask  of  Congress  an  appropriation  of 
money  to  cover  the  necessary  expenses  of  such  surveys  and  examinations 
as  will  enable  them  to  report  understandingly  on  its  practicability  and 
estimated  cost. 

I  am,  very  respectfully,  your  obedient  servant, 

B.  S.  ROBERTS, 
Brevet  Brigadier  Oeneralj  United  States  Army, 

Hon.  E.  M.  Stanton, 

Secretary  of  War, 


Scientific  Department,  Sheffield  Institute, 

Yale  College^  New  Havertj  Conn.^  December  20,  1868. 

General  :  In  January,  1866, 1  had  the  honor  to  present  to  the  Hon. 
E.  M.  Stanton,  Secretary  of  War,  a  memoir  of  a  plan  for  reclaiming  the 
waste  swamp  lands,  the  lagoons,  and  morasses  of  the  lower  basin  of  the 
Mississippi,  by  making  use  of  the  flood-waters  of  the  Mississippi  River. 
I  now  respectfully  invite  your  attention  to  that  memoir,  a  copy  of  which, 
published  by  the  Franklin  Institute,  Philadelphia,  is  herewith  inclosed. 

That  plan  contemplates,  for  the  Lower  Mississippi,  a  change  only  in 
the  system  of  diking  the  river.  The  existing  system  is  intended  to  con- 
fine the  flood-waters  in  one  channel,  so  as  to  prevent  any  inundations  at 
high  flood,  and  to  discharge  all  the  waters  of  this  river  and  its  vast  trib- 
utaries, with  all  their  rich  delta-making  material,  into  the  Gulf  of  Mexico. 

The  mischief  of  this  system — its  subversion  of  the  natural  law  of  crea- 
tion in  forming  the  delta  ba^in  of  large  continents,  its  destructive  effects 
on  the  navigation  of  the  large  interior  rivers  of  Louisiana,  Florida,  and 
Texas,  by  the  formation  of  bars  at  their  mouths,  where  the  heavier  wa- 
ters of  the  sea,  by  its  tides  and  waves,  carry  the  delta-forming  material 
discharged  ioto  them  by  the  Mississippi — it  was  the  purpose  of  that 
memoir  to  expose,  to  suggest  a  plan  to  repair  it,  and,  in  the  future,  to 
avoid  its  vicious  and  destructive  effects. 

Congi-ess  called  for  that  memoir;  but  before  it  was  sent  to  Congress, 
Mr.  Stanton  had  referred  it  to  the  engineer  bureau.  The  present  Chief 
Engineer,  as  I  am  unofficially  informed,  reported  against  its  practicabil- 
ity, and  his  criticism  and  objections  went  to  Congress  without,  as  I  un- 
derstand, any  official  call  for  them.  No  opportunity  was  offered  me  to 
answer  them,  as  the  engineer  department  did  not  do  me  the  honor  to 
inform  me  of  its  criticism,  and  I  do  not  now  know  in  what  were  my  errors, 
nor  by  what  statistics,  facts  and  arguments  they  were  shown. 

That  memoir  was  intended  only  to  trace  a  plan  for  preventing  floods 
in  the  Lower  Mississippi,  by  wasting  all  the  flood-waters  of  the  great 
tributaries  of  the  river  by  a  system  of  waste-weirs  in  the  levees,  creating 
artificial  rivers  that  should  safely  carry  into  the  lagoons,  swamps  and 
marshes  of  the  great  basin  the  delta-making  material ;  and,  in  time, 
by  sure  cumulative  deposits,  raise  all  these  low  malarious  basins  to  the 
level  of  the  highest  flood-waters. 

It  was,  in  fact,  the  preliminary  proposition  to  the  greater  engineering 
problem  of  regulating  the  hydraulics  of  the  continent,  and,  by  the  skiU 
of  man,  making  them  all  QO-operative  in  developing  the  wealth  and  com- 
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merce  of  a  people  resolved  to  establish  here  the  empire  of  the  world. 
This  problem  has  been  my  study  the  past  thirty-five  years,  and  I  have 
only  waited  the  propitious  time  to  briug  it  prominently  to  the  notice 
of  Congress,  where  alone  the  power  is  vested,  to  resolve  it  by  experiment, 
and  to  seize  and  appropriate  to  public  use  the  most  extraordinary  hy- 
di'aulic  resources  and  power  geographical  on  the  map  of  the  world.  As 
an  educated  and  practical  engineer,  capable  of  comprehending  the  mag- 
nitude of  this  subject,  I  feel  myself  quite  assured  that  the  occasion  now 
offers  itself,  and  I  therefore  make  haste  to  submit  to  you  my  further 
memoir  of  my  complete  plan. 

Two  centuries  before  the  country  west  of  the  IVIississippi  and  the  States 
of  Florida  and  Louisiana  came  into  our  possession,  the  French  and 
Spanish  commenced  the  present  system  of  diking.  It  was  at  first  a 
temporary  expedient,  to  protect  from  overflow  plantations  established 
along  the  river  bank,  where  the  delta  lands,  from  the  nature  of  their 
creative  process  by  deposit,  were  the  highest.  As  this  foreign  popula- 
tion increased  and  planting  progressed,  plantations  and  their  dikes 
grew  together,  forming  long  unbroken  lines  from  the  cultivable  lands 
lowest  down  the  river,  so  far  up  as  the  old  Creole  settlers  on  it  carried 
their  enterprise  and  planting.  So  that  this  great  mischief,  springing 
from  so  small  a  beginning,  when  the  country  was  purchased  by  our  gov- 
ernment, had  grown  to  enormous  proportions.  It  had  wholly  checked 
the  creative  process  that  was  forming  in  the  entire  delta  basin  of  the 
Mississippi  new  lands,  by  spreading  its  yearly  flood- waters  in  overflow 
its  entire  length  and  breadth,  depositing  its  delta  sediment. 

This  foreign  element,  that  first  colonized  along  the  Mississippi  bank, 
knew  nothing  of  the  tributaries  of  this  river,  from  what  sources  its  great 
volume  of  creative  delta-forming  floods  came,  or  the  unchanging  laws  of 
their  cumulative  deposits  and  delta-land  formations.  From  their  loins 
a  mixed  race  has  sprung,  more  distinguished  by  desire  and  habit  of  lux- 
urious ease,  than  by  the  energies  and  enterprise  of  the  Anglo-American 
that  have  since  founded  great  States,  and  carried  ctvilization  to  the  head 
waters  of  every  tributary  of  the  great  Father  of  Waters. 

The  problem  proposed  in  my  first  memoir  was  intended  first  to  correct 
the  mischief  begun  by  these  first  colonists  and  planters  on  the  banks  of 
the  Mississippi,  by  skillfully  undoing  what  they  did  wrong;  by  restoring 
the  creative  unchanging  laws  of  this  river  to  their  office,  until  the  great 
delta-basin  is  finished,  and  the  cotton  of  the  world  shall  be  growing  where 
swamp  and  morass  send  forth  their  malaria  and  poison  the  air  with 
pestilence  and  death. 

Having  enunciated  the  plan  of  reconverting  the  flood- waters  of  the 
Mississippi  to  their  normal  use,  I  now  propose  my  plan  qf  engineering 
all  the  waste- waters  of  the  great  lakes  that  discharge  themselves  over 
Niagara  Falls,  and  find  their  way  to  the  sea  through  the  Gulf  of  St.  Law- 
rence, so  as  to  feed  the  Upper  Mississippi,  the  Illinois  and  Ohio  Bivers 
in  their  low  stages,  and  to  give  them  a  fixed  minimum  supply  for  navi- 
gation during  au  seasons  of  drought  and  scarcity  of  water. 

This  problem  of  hydraulics  is  not  less  important  than  that  of  control- 
ling the  floods  of  the  Mississippi,  and  has  fewer  difficulties  in  the  way 
of  its  practical  solution.  It  is  co-operative  with  the  other.  Both  are  of 
importance  that  cannot  be  overestimated.  Vast  as  the  country  is  over 
which  the  engineer  must  run  his  surveys  and  operate  all  the  surplus 
waters  of  the  lake&  it  is  so  geographized  by  nature  that  he  has  only  to 
trace  his  levels,  calculate  his  cuttings,  make  his  estimate  of  costs,  and 
the  work  is  ready  for  any  skillful  hand  to  accomplish.    Ood  has  made 
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the  country  so  conformably  to  this  plan  that  it  would  seemingly  contra- 
vene His  purposes  to  found  a  great  civilization  here  longer  to  neglect  it. 

Lake  Superior  is  the  natural  feeder  of  the  Upper  Mississippi.  All  its 
surplus  waters  that  leap  over  the  8ault  of  Ste.  Marie's  into  Lakes  Michi- 
gan and  Huron,  and  are  needed  in  low  stages  of  water  of  that  river, 
could  be  drawn  from  the  northwest  end  of  that  lake  into  Rum  River,  one 
of  the  principal  tributaries  of  the  upper  river,  above  the  Falls  of  St. 
Anthony.  I^kes  Michigan  and  Huron  mingle  their  waters  on  the  same 
level.  They  are  the  natural  feeders  of  the  Illinois  River,  that  has  its 
rise  in  close  neighborhood  to  Lake  Michigan.  All  their  surplas  waters 
that  empty  through  the  St.  Clair  River  should  be  drawn  off  through  the 
Chicago  River  into  the  Illinois. 

The  surplus  waters  of  Lake  Brie  that  discharge  themselves  over  the 
Niagara  Falls  into  Lake  Ontario  shonld  be  engineered  through  the 
Mahoning  into  Beaver  River,  into  the  Obio. 

Nature  opposes  no  obstacles  to  these  three  artificial  rivers,  that  with 
little  cost  could  be  created  with  the  capacity  required  to  take  the  sur- 
plus waters  from  the  three  great  water-basins  at  the  points  indicated. 
To  so  brim  them  with  slack  or  slow-falling  water  as  to  make  them  navi- 
gable channels  from  these  lakes  to  the  navigable  waters  of  the  larger 
rivers  they  are  intended  to  feed,  and  to  keep  them  permanently  navigable 
at  seasons  of  extremest  drought  and  low  water^  is  the  task  of  the  engi- 
neer. 

To  minds  unaccustomed  to  the  study  of  the  laws  that  regulate  rivers 
and  fix  their  channels,  the  idea  would  at  first  suggest  itself  that  the 
eflPect  of  diverting  these  supplying  waters  of  the  lakes  into  the  Missis- 
sippi would,  by  increasing  so  largely  its  weight  and  volume,  caase  it  to 
overflow  its  low  banks,  and,  in  seasons  of  flood,  greatly  add  to  its  de- 
structive effects  on  the  levees  of  its  lower  basin,  and  make  inundations 
inevitable  and  uncontrollable. 

But,  in  point  of  fact  the  very  reverse  of  such  conclusions  would  be 
the  result.  To  clearly  apprehend  this  subject,  the  character  of  the  bed 
of  the  Mississippi  must  be  understood.  From  the  lower  rapids  of  the 
Mississippi,  at  Keokuk,  Iowa,  to  the  mouth  of  the  river,  at  the  Gnlf  of 
Mexico,  the  bottom  is  an  alluvium  of  changing  sands  and  delta  deposits. 
To  increase  the  volume  of  water  in  the  bed  of  such  a  river  accelerates  its 
current  in  proportion  to  the  quantity  and  weight  of  the  increase,  and  by 
unchanging  laws  of  hydraulics,  deepens  its  channel.  When  this  increased 
supply  is  constant,  its  effect  is  to  fix  a  more  stable  regimen  in  the  bed, 
and,  in  time,  to  regulate  into  constancy  the  shifting,  shallower  currents 
that  have  flowed  over  changing  sand  bottoms  without  the  weight  and 
volume  to  deepen  through  the  delta  sediment  a  more  fixed  channel. 
Prom  the  mouth  of  the  Ohio  River,  where  the  supplying  waters,  impo- 
posed  to  be  drawn  from  all  the  lakes  into  the  Mississippi,  all  meet  and 
mingle,  the  maximum  effect  of  the  accelerated  current  will  operate  most 
actively  in  deepening  the^channel,  and  more  permanently  fixing  stabil- 
ity in  one  unchanging  bed,  to  the  mouth  of  the  river  at  the  Gulf. 

It  cannot  be  doubted  that  this  acceleration  of  current  and  increased 
weight  of  water  will  require  but  few  years  to  bore  a  deep  channel  through 
the  bars  at  the  main  mouth,  and  do  more  to  improve  navigation  into 
and  frt)m  the  Gulf  than  any  other  plan  of  engineering  those  constantly 

g "owing  obstructions  to  the  commerce  of  the  sea  from  the  great  snpply- 
g  WeJ5t.  These  bars,  under  the  existing  flow  of  the  river,  confining  all 
ita  flood  delta  waters  between  dikes  and  discharging  them  into  the 
Gulf,  are  constantly  growing  and  increasing  the  dimcmties  of  entering 
any  large-draught  vessels  into  the  sea. 
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Deepening  the  cliannel  by  the  acceleration  of  its  cuTient  and  constancy 
in  its  increaised  weight  and  yolnme  will  facilitate  my  plan  of  waste- 
weirs,  that  is  intended  to  be  made  co-extensive  with  the  heaviest  floods, 
and  to  control  them  to  snch  natural  use  as  to  waste  all  their  waters 
above  mean  rise  into  the  low  swamps,  morasses,  and  lagoons,  until, 
by  cumalative  process^  their  delta  deposit-s  shall  raise  them  to  high- 
water  level,  and  convert  them  from  their  wastes  of  desolation  and 
malaria  into  cotton  and  sugar-growing  lands,  inexhaustible  in  fertility 
and  incalculable  in  wealth. 

In  another  view,  this  engineering  problem  is  of  supreme  national 
importance.  It  will  form  great  interior  and  safe  lines  of  communication 
eminently  necessary  for  extended  military  operations  in  time  of  war. 
The  last  war  has  taught  us  the  uncertainty  of  all  railway  communica- 
tions for  military  purposes,  and  the  cost  of  keeping  them  open.  An 
enterprising  enemy  can  destroy  rail  lines  as  fast  as  they  can  be  built. 
What  daring  raiders  cannot  do,  money  can.  !No  one  can  doubt  that 
Jefferson  Davis,  had  his  exchequer  been  less  drained  for  other  more 
important  war  purposes,  could  have  subsidized  the  deistruction  of  every 
mile  of  raih*oad  within  the  loyal  States.  In  any  great  war  with  any 
powerful  nation,  hired  mercenaries  would  be  found  along  every  mile  of 
our  principal  roads  and  their  destruction  would  be  inevitable.  It  was 
the  destruction  of  southern  railroads  and  the  opening  of  the  Mississippi 
Biver  that  put  an  end  to  the  rebellion.  They  were  the  main  sinews  of 
war  and  the  strength  of  the  South. 

But  navigable  nvers  and  lakes  cannot  be  destroyed,  and  they  most 
become  our  main  reliance  as  an  invulnerable  military  power.  The  engi- 
neering problem  I  have  in  this  way  suggested  flashed  on  my  mind  as  a 
military  necessity  thirty-flve  years  ago,  when  I  first  saw  the  extent  of 
our  vast  lakes,  their  relation  to  our  great  rivers  and  the  extended  geog- 
raphy of  a  country  that  would  be  the  supplying  region  in  any  great  and 
protracted  war.  These  indestructible  interior  lines  of  communieatioa 
are  essentially  a  military  need  to  secure  impregnability  to  a  nation  pe^ 
pling  this  vast  extent  of  continent. 

The  history  of  ancient  Egypt  would  furnish  an  instructive  lesson  to 
the  engineers  of  this  day.  Its  engineers  had  the  audacity  to  seize  the 
waters  of  the  Nile  and  subject  them  to  the  control  of  man.  Thebes  and 
Memphis  grew  up  undei  the  skillful  and  daring  engineering  that  laid 
hands  on  the  floods  of  that  strange  river  and  built  unmatched  pyramids 
in  lands  their  cunning  fertilized,  tobe  the  mistress  cities  of  the  nations  of 
the  East.  The  inspired  genius  of  Egypt's  engineers  bridled  thefloods-ol 
the  Nile,  spread  their  waters  through  artificial  rivers  over  vast  barrem 
territory,  fertilized  it  by  their  rich  delta  deposits,  and  x)oured  into  these 
cities  the  wealth  that  founded  an  empire  matchless  in  power,  civilizing 
a  people  whose  eloquent  memorials  of  mechanical  arts  are  the  wonder  of 
the  world  and  the  shame  of  the  nineteenth  century. 

The  Nile  still  flows  on,  discharging  its  fertilizing  delta  material  into 
the  Mediterranean,  where  its  wealth  is  wasted,  threatening,  in  time,  to 
obstruct  the  commerce  of  the  East  with  Eurox)e.  The  inspiring  genius  of 
engineering  decayed  with  the  glory  of  these  cities.  The  scepter  of  art 
it  once  swayed  is  broken,  and  no  skillful  hand  has  yet  so  welded  its  frag« 
ments  as  to  venture  again  to  try  its  trident  sway  on  the  uncontroU^ 
floods  of  this  river  of  myths  and  traditionary  gods.  But  the  history  of 
the  daring  of  these  ancient  engineers  has  survived  the  decay  of  more 
than  four  thousand  years.  Their  imperishable  memorials  stand  round  in 
the  pyramids,  sphinxes,  and  granite  walls  of  great  reservoirs  and  artificial 
rivers,  and  should  startle  into  energy  and  activity  the  slumbering 
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genius  of  this  age  to  apply  the  cnnning  of  their  hands  on  like  immortal 
achievements.  Nabia  and  Lybia,  once  fertilized  by  the  delta  waters  of 
the  Nile,  now  scorch  the«feet  of  the  Arab  with  their  burning  sands,  and 
the  traveler  sees  desolation  stand  round  where  the  cotton  of  ancmit 
Egypt  was  grown  for  the  looms  that  wrought  fabrics  of  unmatched  jier* 
fection,  and  that  have  enwrapped  for  four  thousand  years  embalmed 
kings  without  decay. 

But  it  should  shame  us  to  know  that  the  floods  of  the  Nile  are  more 
sudden,  and  that  the  fall  of  the  river  gives  them  far  greater  force  than 
the  floods  of  the  Mississippi.  Yet  they  were  once  subjugated  to  the 
skill  of  Egypt's  engineers,  and  down  the  bridled  waters  of  the  majestic 
Nile  the  great  granite  blocks  that  were  wrought  into  the  pyramids  a&d 
sphinxes  of  ancient  Egypt  were,  doubtless,  transported.  To  engineer 
the  floods  of  the  Mississippi  is  a  much  easier  task.  The  rain-tables,  Uie 
water-sheds  and  basins  of  its  tributaries,  are  better  geographized  for 
engineering,  although  more  vast  in  their  extenti.  All  that  is  wanting  to 
m^e  them  co-operative  in  eflecting  one  vast  hydraulic,  controllable, 
civilizing  power,  is  the  genius  of  daring  and  enterprise  within  the  8Cox>e 
of  possibilities  of  the  thinking,  skillful  engineer. 

Water  is  the  civilizer,  power,  and  wealth  of  a  nation.  God  has 
granted  it  to  this  continent  in  fruition  of  supply  and  wisdom  of  distribu- 
tion, suggestive  of  empire  that  shall  lead  the  world,  and  found  the 
highest  civilization  attainable  by  man. 

It  is  not  intended  in  this  communication  to  do  more  than  to  outline 
the  principal  features  of  my  plan.  My  convictions  of  its  practicability 
and  economical  accomplishment  are  undoubting.  It  is  national  in  ite 
purpose,  and  the  magnitude  of  its  importance  is  incalculable. 

It  is  intended  to  reclaim  and  appropriate  to  use  milKons  of  acres  of 
waste  lands.  It  is  intended  to  restore  to  operation  the  benc^cent  law 
bf  nature  so  as  to  create  delta  lands.  It  is  intended  to  open  up  the 
navigation  of  the  large  interior  rivers  of  Texas  and  Florida  that  are  now 
obstructed  by  bars  at  their  mouths,  shutting  out  their  commerce  from 
the  sea.  It  is  intended  to  make  the  Upper  Mississippi,  the  Illinois,  and 
the  Ohio  Bivers  navigable  at  all  seasons  of  drought  and  scarcity  of 
water,  and  to  extend  the  commerce  of  the  great  lakes  to  the  sea  by  uninter- 
rupted water  communication.  It  is  also  intended  to  form  imperishable 
interior  military  lines  of  transportation,  essential  in  offensive  or  defensive 
war  to  economy,  safety,  and  impregnability. 

As  you,  Mr.  Secretary,  are  my  proper  organ  of  communication  with 
Congress,  I  transmit  this  memoir  for  your  carefiil  consideration,  and 
ask,  if  you  see  in  it  practicability  and  national  importance,  that  you 
refer  it  to  that  body  with  such  remarks  as  to  you  may  seem  befitting. 
I  am,  general,  very  respectfully,  your  obedient  servant, 

B.  S.  ROBERTS, 
Brevet  Brigadier  General  United  States  Army. 

Major  General  J.  M.  Schofield, 

Secretary  of  War. 


Headquarters  Corps  of  Engineers, 

Waahingtanj  D.  C,  February  16, 1869. 

General:  The  resolution  of  the  House  of  Representatives  of  the  5th 
instant  referred  to  this  office  for  report,  together  with  the  letter  of 
Brevet  Brigadier  General  B.  S.  Roberts  to  the  Secretary  of  War,  dated 
December  29, 1868^  which  contained  a  printed  copy  of  his  memorifd  on 
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a  plan  for  reclaiming  the  waste  lands  of  the  Lower  Mississippi,  are 
returned  herewith. 

In  reference  to  those  portions  of  General  Boberts's  papers  which  tonch 
upon  reclaiming  the  waste  lands  of  the  Lower  Mississippi,  I  submit  a 
copy  of  a  communication  made  by  me  in  February,  1866,  to  General 
Delafield,  at  his  request,  which  communication  I  request  may  accompany 
General  Eoberts's  papers  when  transmitted  to  the  House  of  liepresent- 
atives. 

In  respect  to  the  additional  paper  of  General  Boberts,  (that  of  the . 
29th  December,  1868,)  it  seems  to  me  that  it  is  sufficient  to  state  that 
the  idea  of  connecting  the  western  rivers  with  the  great  lakes  by  a 
channel  without  locks,  through  which  there  shaU  be  a  constant  flow  of 
water  from  the  lakes,  (and  that  is  the  substance  of  this  second  paper,) 
is  one  that  has  been  frequently  enunciated.  I  do  not  ftnd  in  General 
Roberts's  paper  any  new  facts  bearing  upon  its  benefits,  practicability, 
or  cost.  Indeed,  he  does  not  seem  to  know  that  the  <legree  of  practi- 
cability of  such  schemes  has  been  tested  on  the  most  feasible  line,  that 
of  the  Chicago  and  Illinois  Bivers. 

By  referring  to  the  report  to  these  headquarters  of  Brevet  Major 
General  J.  H.  Wilson,  and  Mr.  WiUiam  Gooding,  on  the  survey  of  the 
Illinois  Biver,  transmitted  to  the  House  of  Bepresentatives  in  January, 
1868,  and  printed,  it  will  be  perceived  that  the  cost  of  such  a  channel-way, 
capalile  of  supplying  only  4,500  cubic  feet  of  water  per  second  to  the 
Illinois  Biver,  would  be  more  than  $30,000,000. 

General  Boberts  anticipates  great  benefit  to  the  alluvial  re^on  of  the 
Mississippi  by  increasing  from  tiie  lakes  the  volume  of  that  river  during 
its  floods,  because,  he  says,  the  bottom  is  alluvion,  and  will  be  dug  out 
deeper  the  greater  the  volume.  The  bottom  is  not  alluvion,  but  tertiary, 
or  older  than  the  drift,  and  in  this  I  speak  from  ascertained  &cts,  not 
from  supposition. 

The  benefits  to  be  derived  from  increasing  the  volume  during  low 
water  of  the  upper  courses  of  the  western  rivers,  and  the  pernicious 
consequences  that  would  follow  upon  materially  increasing  the  volume 
of  the  Lower  Mississippi  at  the  flood,  have  been  so  cleiu*ly  pointed  out 
in  '^The  Physics  and  Hydraulics  of  the  Mississippi  Biver,"  &c.,  and  in 
other  reports  of  engineer  officers  transmitted  to  Congress  and  printed, 
that  it  is  quite  unnecessary  to  do  more  than  refer  to  them  in  this  general 
manner. 

Very  respectfully,  your  obeiUent  servant, 

A.  A.  HUMPHBEY8, 
Brigadier  Oeneral  of  Ungineersj  Commanding, 

Major  General  J.  M.  Schofield, 

Secretary  of  War, 


Kew  Orleans,  February  32, 1866. 

Gexebax.:  I  have  received  your  communication  of  the  13th  instant, 
inclosing  a  copy  of  a  "  Memoir"  of  "  a  plan  to  reclaim  the  waste  swamps, 
&c.,  of  the  Lower  Mississippi  Basin,  by  a  new  system  of  diking,  so  as  to 
use  the  delta-making  material  of  the  water  of  the  river  for  this  purpose,'^ 
by  Brevet  Brigadier  General  B.  S.  Boberts,  United  States  Army, 
referred  to  me  for  report  upon  the  practicability  and  expediency  of 
carrying  into  effect  the  ideas  presented  therein,  &c. 

The  plan  presented  by  General  Boberts  is,  in  brief,  to  take  from  the 
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Mississippi  Eiver  at  higli  water  ^*a  volume  of  water  equal  to,  or  approxi- 
mating  to  an  ecpiality  witb,  the  surplus  of  flood-water  over  the  medium 
flood.''  and  allow  it  to  flow  over  the  alluvial  lands  bordering  the  river, 
and  deposit  its  sediment  upon  them. 

This  would,  in  his  opinion,  soon  elevate  those  low  lands  to  a  consid- 
erable extent,  and  at  no  very  distant  day  bring  them  to  about  the  level 
of  the  banks  of  the  river,  render  them  cultivable,  and  the  country 
healthy. 

For  the  facts  and  figures  which  I  shall  use  in  this  communication,  I 
beg  leave  to  refer  to  the  rei>ort  upon  the  Mississippi  River,  prepared 
by  Captain  A.  A.  Humphreys  and  Lieutenant  H.  L.  Abbot,  topographi- 
cal engineers,  and  submitted  by  Captain  Humphreys  to  the  Bureau  of 
Topographical  Engineers,  August  5, 1861. 

The  knowledge  of  a  few  simple  facts  concerning  the  region  in  question, 
well  known  to  those  who  live  upon  the  alluvial  lands  of  the  Mississipin, 
would  lead  one  to  distrust  the  feasibility  of  such  a  project. 

The  swamps  and  shallow  lakes  of  the  alluvial  region  are  filled  with 
rain-water  long  before  the  river  reaches  its  flood  condition,  and  remain 
so  filled  until  the  river  goes  down.  Any  material  additions  to  their 
volume  made  by  crevasses  cause  an  encroachment  upon  the  cultivated 
lands,  and  should  the  breaks  in  the  levees  be  extensive  and  the  higli 
water  of  long  continuance,  the  most  serious  inundations  occur,  involv- 
ing the  loss  of  crops  and  stock  worth  millions.  The  explanation  of  this 
is,  thjit  the  fall  of  rain  upon  the  alluvial  lands  is  excessive,  and  the 
surface  so  flat  that  the  eye  can  detect  no  deviation  from  a  level,  careful 
instrumental  measurements  being  necessary  to  ascertain  the  direction 
as  well  a«  amount  of  the  slope  that  exists.  The  lakes  are  shallow, 
except  those  along  the  river,  which  once  formed  portions  of  it  and  still 
retain  in  part  its  great  depth.  The  facts  cited  indicate  that  no  large 
volume  of  river  water  can  be  let  in  upon  the  alluvial  lauds  withoat 
serious  injury  to  the  cultivable  portions,  the  highest  parts  of  the  alluvion. 

General  Eoberts  proposes  to  draw  off  from  the  river,  during  the  period 
of  high  water,  and  spread  upon  the  allu\ial  lands  all  the  volume  in 
excess  of  that  of  the  medium  flood.  This  woidd  bring  the  surface  of 
the  river  very  nearly  to  the  level  of  the  natural  bank.  In  other  words, 
would  restore  the  conditions  existing  before  any  levees  were  built,  and 
subject  the  whole  alluvial  region  to  overflow.  Perhaps  he  may  dissent  ' 
from  this  exhibit  of  his  proposition,  but  he  will  not  object  to  my  using, 
in  a  discussion  of  the  project,  the  quantity  of  sedimentary  matter  con- 
tained in  the  volume  of  river  water  indicated.  Let  us  see,  then,  how 
much  earthy  matter  that  volume  would  spread  upon  the  alluvial  lands. 
The  area  of  those  lands  is — 

Square  miles. 

The  St.  Francis  bottom 6, 300 

The  Yazoo  bottom 6, 800 

The  Tensas  and  Macon  bottom 4, 000 

The  alluvial  lands  below  the  mouth  of  Red  River 12, 300 

»  7 

Total 29,400 


i 


I  will  take  the  most  favorable  case  for  the  project,  the  great  flood 
year  of  1858.  The  river  during  that  year  was  less  than  one  hundred 
and  thirty  days  above  the  natural  bank.  Let  us  assume  it  to  have  been 
one  hundred  and  thirty  days.    The  surplus  volume  discharged  by  it 
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daring  that  time,  over  and  above  the  volame  discharged  by  the  river 
when  just  bank  full,  was  1,200,000,000,000  cubic  feet. 

Now,  had  this  quantity  escaped  from  the  river  into  the  alluvial  lands 
during  the  period  of  high  water  of  1858,  it  would  have  flooded  the  whole 
alluvial  region,  cultivated  as  well  as  uncultivated,  from  Cairo  to  the 
Gulf,  during  the  entire  period  of  one  hundred  and  thirty  days. 

For  the  quantity-  of  earthy  mjitter  held  in  susx>ension  by  the  river 
water,  I  will  use  the  largest  proportion  found  in  the  investigations  made 
upon  the  Mississippi  Eiver  under  my  direction.  That  proportion  is 
Y^  by  volume.  That  is,  for  every  1,200  cubic  feet  of  water,  there  was 
one  cubic  foot  of  earth.  This  is  double  the  amount  of  sedimentary 
matter  carried  by  the  river  water  daring  the  mean  flood  period.  The 
proportion  of  y^^p^^  would  give  for  the  volume  of  water  just  noted 
1,000,000,000  cubic  feet  of  earth. 

I  should  explain  here  that  when  there  were  no  levees  the  water 
thrown  off  by  the  river  into  the  St.  Francis  bottom  returned  to  the 
river  again  by  the  returning  bayous  and  the  St.  Francis  Eiver,  having 
deposited  its  sedimentary  matter  upon  the  bottom  lands.  It  thus  pro- 
tracted the  duration  of  the  flood. 

The  water  similarly  thrown  off  into  the  Yazoo  bottom  returned  to  the 
river  by  the  Yazoo  Eiver.  The  same  is  to  be  observed  of  the  Tensas 
bottom,  the  water  returning  to  the  Mississippi  by  Eed  Eiver. 

Again,  in  order  to  make  the  most  favorable  case  possible  for  General 
Eoberts's  project,  I  will  suppose  that  the  whole  volume  of  water  necessary 
to  bring  the  river  within  its  banks  in  the  flood  of  1858  entered  each 
bottom  land  in  succession,  that  is,  the  bottom  lands  of  the  St  Francis, 
the  Yazoo,  and  the  Tensas. 

We  have  seen  that  that  volume  of  water  carried  in  suspension 
1,000,000,000  cubic  feet  of  earth.  That  bulk,  when  spread  upon  an  area 
of  0,000  square  miles,  (the  area  of  the  St.  Francis  bottom,)  would  have 
a  thickness  of  ^^  of  a  foot.  At  this  rate  it  would  require  twelve  years 
to  make  a  deposit  one  inch  thick  upon  the  St.  Francis  bottom. 

But  the  time  that  t^e  flood  of  1858  was  above  the  natural  bank  of  the 
river  was  more  than  double  that  of  the  average  floods,  and  we  should 
have,  for  an  average  effect  of  flooding  yearly  all  the  St.  Francis  alluvion, 
less  than  one  inch  of  deposit  for  twenty-four  years  of  overflow.  The 
mean  difference  of  level  of  that  swamp  and  the  bank  of  the  river  is  ten 
feet.  To  bring  up  the  swamp  to  the  level  of  the  river  bank  would 
require  more  than  two  thousand  eight  hundred  and  eighty  years.  If 
the  smaller  quantity  of  sedimentary  matter  were  used,  the  number  of 
years  would  be  about  doubled. 

If  the  sedimentary  matter  could  be  concentrated  instead  of  being 
spread  over  the  whole  bottom,  the  depth  of  deposit  woidd  of  course  be 
increased.  But  the  shape  of  the  country  is  not  adapted  to  this  process. 
Moreover,  the  project  of  General  Eoberts  comprises  the  whole  area  of 
the  alluvion. 

Here  let  me  remark,  that  the  project  is  not  new  to  me;  it  is  probably 
as  old  as  the  levee  system,  and  is  a  fruitful  subject  of  discussion  with 
I)ersons  living  on  the  alluvion,  especially  those  who  have  noticed 
the  deposits  made  by  crevasse  water  at  the  edge  of  the  swamp  in  the 
immediate  vicinity  of  the  crevasse,  when  the  break  in  the  levee  was  large 
and  the  high  water  continued.  A  notable  example  of  it  was  given  by 
the  great  Bonnet  Carr6  crevasse  of  1850,  which,  though  only  six  miles 
from  Lake  Pontchartrain,  and  having  therefore  comparatively  free  flow 
to  the  Gulf,  flooded  an  extensive  district  and  destroyed  a  large  amount 
of  property.    Such  notable  deposits  are  made  only  when  the  crevasse  is 
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60  large  that*  immense  damage  to  the  plantations  on  tlie  allavion  is 
incurred. 

It  seems  to  me  unnecessary  to  illustrate  the  subject  further,  or  apply 
figures  to  the  other  bottom  lands.  So  long  as  there  are  vast  districts  of 
the  higher  portions  of  the  alluvial  land  along  the  Mississippi  Eiver  that 
are  unoccupied,  and  will  remain  so  until  the  river  is  effectually  lereed,  it 
Appears  to  me  unnecessary  to  set  investigations  on  foot  to  ascertain 
whether  some  limited  localities  of  the  lower  portions  of  the  alluviou  can 
be  raised  by  letting  in  upon  it  the  turbid  river  water,  especially  as  the 
features  of  the  country  are  not  adapted  to  the  economical  use  of  such 
processes. 

The  figures  exhibited  show  that  such  a  process  upon  a  large  scale  is 
impracticable.  The  only  practicable  mode  of  reclaiming  the  swamp  lands 
is  to  levee  the  river  banks  securely,  and  as  cultivation  extends  inward, 
to  establish  a  proper  system  of  drainage. 

The  second  view  i)resented  by  General  Roberts  is,  that  by  spreading 
a  portion  of  the  sedimentary  matter  of  the  river  upon  the  swamp  lands, 
there  will  be  less  of  it  deposited  in  the  Gulf  at  the  mouths  of  the  river. 
In  his  opinion  the  bars  will  not  then  extend  so  rapidly  into  the  Gulf  as 
now,  and,  as  a  consequence,  the  surface  of  the  river  in  its  lower  course, 
or  near  the  sea,  will  not  be  raised  as  rapidly  as  it  is  now,  (the  rise  of 
surface  due  to  the  extension  of  the  mouth  of  the  river  into  the  Gulf,) 
and  the  height  of  the  levees  on  the  lower  plantations  will  not  have  to 
be  increased  as  frequently  as  now.  Further,  he  is  of  opinion  that  there 
will  then  be  a  greater  depth  of  water  upon  the  bars  at  the  mouth  of  the 
river  than  there  is  now. 

Eespecting  the  increase  of  height  to  be  given  to  the  levees  in  the  lower 
course  of  the  river,  owing  to  the  progress  of  the  mouths  into  the  Gulf, 
I  beg  leave  to  refer  to  pages  435  and  430,  "report  upon  the  Mississippi 
River,''  &c.,  where  it  is  shown  that  it  will  require  an  extension  of  the 
mouths  of  the  river  twenty-five  miles  into  the  Gtdf  to  raise  the  surface 
of  the  river  one  foot  at  Fort  St.  Philip,  and  that  according  to  the  pres- 
ent rate  of  progress,  five  centuries  will  elapse  beforei  the  river  accom- 
plishes that  extension. 

Owing  to  the  great  depth  of  the  Gulf,  where  the  mouths  of  the  river 
now  lie,  the  rate  of  progress  into  the  Gulf  will  be  slower  in  future  than 
it  has  been  in  past  days. 

As  to  increasing  the  depth  of  water  upon  the  bars  by  reducing  the 
quantity  of  sedimentary  matter  brought  to  the  Gulf,  I  beg  leave  to 
remark  that  the  depth  upon  those  bars  depends  upon  the  quantities  of 
water  discharged  over  them,  and  not  upon  the  quantity  of  supsended 
sedioientary  matter  brought  to  the  Gulf  by  the  river  water.  Further, 
the  bars  are  not  formed  by  the  deposit  of  the  sedimentary  matter  of  the 
river,  but  by  the  deposit  of  the  eai^thy  matter  pushed  or  moved  along 
the  bottom  of  the  river.  Hence,  a  reduction  of  the  sedimentary  matter 
of  the  river  will  not  diminish  the  magnitude  nor  affect  the  form  of  the 
bars. 

Should  any  further  information  or  views  concerningthe  bars  be  desired, 
reference  can  be  made  to  the  last  chapter  of  the  report  already  men- 
tioned. 

Having  thus  shown  the  impracticability  of  attaining  the  ends  proposed 
by  General  Roberts,  I  trust  I  may  be  excused  from  presenting  a  view  of 
the  cost  necessary  to  carry  out  his  plans. 

The  popular  impression  that  the  floods  of  the  Nile  are  allowed  to  spread 
upon  its  alluvion,  has  been  sometimes  referred  to  by  persons  ignorant 
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of  fhe  totally  different  conditions  of  the  two  rivers,  as.  a  reason  for 
allowing  the  floods  of  the  Mississippi  to  flow  over  its  alluvion. 

The  floods  of  the  Kile  are  regular  in  their  recurrence^  the  greatest 
height  being  attained  usually  in  September^  the  planting  and  sowing 
season  follows  the  subsidence  of  the  flood.  Egypt  is  in  the  rainless 
region,  and  the  overflow  of  the  Nile  fills,  periodically,  all  the  reservoirs, 
tanks,  and  canals  from  which  the  fields  are  irrigated,  and  supplies  of 
water  for  every  purpose  are  furnished.  The  best  authorities  state  that 
its  floods  are  not  permitted  to  spread  over  its  banks. 

Tbe  floods  of  the  Mis3issippi  are  irregular  in  their  period,  height,  and 
duration,  but  on  the  average  may  be  said  to  reach  their  height  about 
the  1st  01  April.  The  river  then  remains  in  high- water  condition,  falling 
and  rising  until  about  the  middle  of  July;  and  there  are  no  means  of 
predicting  whether  it  may  not  be  above  the  natural  bank  during  all  that 
time.  There  are,  indeed,  two  maximum  high- water  point49  reached  each 
year,  the  one  about  the  Ist  of  April,  the  other  about  the  1st  of  June. 

The  planting  and  sowing  season  on  the  Mississippi  begins  just  as  the 
river  reaches  its  height,  and  the  high- water  condition  so  late  into  the  sum- 
mer that  no  extensive  crops  can  be  gathered  from  any  planting  done  after 
the  river  has  begun  to  sink  it  to  its  low- water  condition.  Wherever  its 
floods  spread,  thick-growing  willow  and  Cottonwood  spring  up,  destroy- 
ing the  cotton  and  sugar  plants,  ifind  requiring  years  for  their  eradication. 
Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHREYS, 

Major  Qeneral  Volunteers. 

Brig,  and  Bvt.  Mty.  Gen.  Eighabd  Delafeeld, 

Chief  of  Corps  Engineers  U,  8.  A* 


M4. 

Headquarters  Corps  of  Engineers, 

Washingtonj  D.  C,  February  19, 1869.    • 

General:  In  reply  to  the  communication  of  the  chairman  of  the 
Committee  on  Commerce,  of  the  Senate,  dated  January  26, 1869,  asking 
for  information  "relative  to  the  probable  cost  of  building  and  repairing 
the  levees  in  the  States  of  Louisiana,  Mississippi,  and  Arkansas,  as  desig- 
nated in  Senate  bill,  No.  795,. of  the  present  session,'^  I  transmit  a  report 
upon  the  subject  by  Brevet  Brigadier  General  H.  L.  Abbot,  cori)s  of 
engineers,  to  whom,  on  account  of  his  connection  with  the  surveys  and 
investigations  made  in  1857-^61,  and  with  later  examinations  of  those 
levees  in  1865-'66,  and  of  his  thorough  knowledge  of  the  subject,  this 
matter  was  referred. 

The  report  treats,  first,  of  the  repairs  required  to  bring  the  existing 
breaks  in  the  levees  to  the  dimensions  now  adopted  by  the  State  author- 
ities ;  second,  of  giving  increased  thickness  to  the  present  levees,  with- 
out increasing  their  height ;  and  third,  of  the  increased  height  and  thick- 
ness to  be  given  to  the  levees,  in  order  to  protect  the  alluvion  of  those 
States  against  overflow  when  the  whole  flood-volume  of  the  Mississippi 
is  confined  within  its  banks,  by  a  levee  system  perfected  from  the  head 
of  the  alluvial  region  to  the  Gulf  of  Mexico. 

The  estimates  of  cost  for,  first,  repairing  the  existing  breaks ;  second, 
for  increasing  the  thickness  of  the  existing  levees  with  the  present  height } 


328 


REPORT   OF   CHIEF   OF  ENGINEERS. 


and  third,  for  perfecting  levees  to  a  height  sufficient  to  gaard  against 
all  probable  contingencies,  are  summed  up  by  him  as  follows : 


L0UI8IANA. 

Below  Red  RiTer,  (both  banks) 

Above  Rod  River,  (right  bank) 

To  exclude  water  escaping  above  boundary 

Total 

MlilBIBSIFFL 

Yasoo  grant 

AKKANBAB. 

Lonisianato  Arkansas  River 

"White  River  to  Helena 

St.  Francis  bottom  lands 

Totri 

Grand  total  for  the  three  States 


For  repair- 
ing existing 
breaks. 


1000,000 
900,000 
350,000 


1.050,000 


1,500,000 


700,000 

150,000 

1, 000, 000 


1,850,000 


4, 150, 000 


For  perfect- 
ing existing 
levees  to  pre- 
sdntbeignt. 


11,730.000 
800,000 
250,000 


2,780,000 


1,500,000 


960,000 
-  350,000 
1,600,000 


2, 910, 000 


6,940,000 


For  peifeet- 
ing  existing 
1«  voes  topro- 
per  heigsL 


♦4.600,0m 
8.490,000 
2,000.000 


15.090,000 


4,150.001 


4^700,000 

2,000,000 

15i;3S0tOOII 


19,060.000 


96.230.000 


N'OTE.— The  third  item,  under  the  State  of  Lonisiaua,  is  to  ."exclude  water  escaping  above  the 
boundary ;"  and  the  amount  being  included  in  the  estimates  under  the  head  of  Arkansas,  it  is  nat 
carried  out  in  the  "  grand  total  for  the  three  States." 

I  fully  concur  in  the  views  of  General  Abbot. 

As  this  report  is  a  continuation  of  the  subject  treated  in  the  report  of 
1861,  which  was  recently  printed  by  Congress,  and  as  it  is  a  subject  of 
great  importance,  I  would  respectfully  recommend  that  this  also  may  be 
printed  by  Congress. 

Very  respectfully,  your  obedient  servant, 

A.  A  HUMPHREYS, 
Brigadier  General  of  UngineerSj  Commanding. 

Bvt.  Maj.  Gen.  J.  M.  Schofield, 
•  Secretary  of  War. 


Report  on  repairing  and  perfecting  the  levees  of  the  States  of  Louisiann^ 
Mississippi^  and  Arkansas^  including  an  analysis  of  the  floods  of  1862, 
1865,  and  1867,  with  an  appendix  containing  an  abstract  of  facts  collected 
rejecting  the  principal  tributaries  of  the  Mississippi  Elver  during  these 
great  inundaUons.    Submitt^  to  Major  General  A.  A.  SumphreySy  Chkf 

•  of  Engineers^  by  Brevet  Brigadier  General  Henry  L.  Abbot^  major  corps 
of  engineers. 

Willett's  Point,  New  York  Haebob, 

February  16,  18C9. 

General  :  In  accordance  with  instructions  from  Headquarters  Corps 
of  Engineers,  dated  December  23, 1868, 1  have  the  honor  to  submit  the 
following  report  upon  the  repairs  required  to  bring  the  existing  breaks 
in  the  levees  of  Louisiana,  Mississippi,  and  Arkansas,  to  the  grade  line 
now  adopted  by  the  State  authorities^  and  also  upon  the  more  general 
question  of  protecting  those  States  against  overflow  when  the  whole  flood 
volume  of  the  Mississippi  is  confined  within  its  banks,  by  a  levee  system 
perfected  from  the  head  of  the  alluvial  region,  to  the  mouth.  These  two 
questions  are  quite  distinct,  and  they  will  be  considered  separately. 
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BEPAIBS  OF  EXISTrnG-  BREAKS. 

The  condition  of  the  levees  of  the  Mississippi,  in  the  preceding  Janu- 
ary, is  detailed  in  your  report  to  the  Secretary  of  War,  dated  May  31, 
1866.  Eespecting  the  changes  in  their  condition,  since  that  date,  the 
information  in  my  possession  is  of  a  general  character,  being  confined 
to  the  annual  report  of  the  board  of  levee  commissioners  of  Louisiana, 
dated  January  31,  1867 ;  to  a  letter  from  Mr.  J.  A.  Parker,  recently 
chief  engineer,  second  division,  Louisiana  levees,  detailing  their  condi- 
tion  in  that  State,  above  Eed  Eiver  Landing,  in  May,  1867 ;  to  a  letter 
from  Mr.  Minor  Meriweather,  chief  engineer  of  the  southern  levee  dis- 
tiict  of  Mississippi,  giving  the  condition,  in  April,  1867,  of  the  levees 
under  his  charge,  and,  in  general,  of  the  other  levees  of  that  State ;  to 
certain  vague  information  respecting  the  levees  of  Arkansas ;  and,  last- 
ly, to  the  general  facts,  that  the  high  water  of  the  spring  of  1866,  although 
not  properly  a  great  flood,  did  very  considerable  damage  to  the  unfin- 
ished works  then  in  progress,  reducing  them  to  nearly  as  bad  a -condition 
as  they  were  in  before  the  work  of  repair  teas  undertaken,  in  the  autumn 
of  1865 ;  that  the  high  water  of  1867  was  a  great  flood,  causing  immense 
destruction  throughout  the  alluvial  region,  and  that  the  high  water  of 
1868  did  not  rise  above  the  ordinary  spring  stage  of  the  river,  doing  only 
trifling  injury.  It  is,  therefore,  evident  that  the  following  exhibit  of  the 
present  condition  of  the  Mississippi  levees,  although  sufficiently  exact 
for  general  puri>oses,  can  only  be  c(Hisidered  an  approximation  to  ttte 
truth. 

The  State  of  Louisiana  alone  seems  to  have  made  any  determined  ef- 
fort to  close  the  breaks  in  the  levees.  Between  November  14, 1865,  and 
January  31,  1867,  there  was  expended,  under  the  direction  of  the  board 
of  leve^  commissioners,  $2,061,516  13  in  making  4,674,414  cubic  yards 
of  embankment ;  leaving  an  estimated  amount  of  $46,795  still  required 
to  complete  the  repairs.  The  amounts  paid  for  superintendence,  for 
closing  crevasses  in  1866,  for  negotiating  bonds,  &c.,  &c.,  amounting  to 
over  $600,000,  are  not  included  in  this  sum.  The  early  flood  of  1867 
caused  immense  destruction  throughout  the  State,  notwithstanding  thi^ 
outlay. 

The  State  of  Louisiana  may  be  conveniently  divided  into  three  great 
levee  districts — ^the  right  bank  from  the  northern  boundary  to  Ked  Eiver, 
the  right  bank  below  Eed  Eiver,  and  the  left  bank  below  Baton  Eouge. 

Of  these,  the  first  is  subject  to  peculiar  difficulties,  arising  from  tiie 
fact  that  the  alluvial  bottom  lands  extend  above  the  State  line  into 
Arkansas,  where  they  become  too  narrow  to  offer  the  greatest  induce- 
ments for  their  owners  to  reclaim  them,  especially,  as  in  the  northern 
part  danger  is  to  be  apprehended  from  overflow,  both  from  the  Missis- 
sippi and  from  the  Ai*kansas.  This  unfortunate  geographical  position  has 
always  caused  the  planters  of  the  Tensas  bottom  lands  to  suffer  from 
overflow  due  to  defects  in  levees  not  under  their  own  control. 

The  most  obvioas  means  of  protecting  tiiis  part  of  Louisiana  is  a  gnard 
levee  ^  which,  starting  from  the  Mississippi  near  the  boundary  line,  shall 
be  extended  westward,  diverging  a  little  toward  the  south  to  follow  a 
low  ridge,  until  high  land  is  reached.  The  length  of  the  route  is  22,800 
feet,  and  the  mean  depth  of  overflow  in  the  greatest  floods,  7.1  feet;  the 
latter  corresponding  to  a  horizontal  line  drawn  from  the  high- water  mark 
of  1828  on  the  bank  of  the  Mississippi. 

Adopting  the  present  grade  line  of  the  State  of  Louisiana,  these  fig- 
ures call  for  a  ten-foot  leve«,  containing  about  300,000  cubic  yards  of  em- 
bankment;  and  costing  about  $120,000. 
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This  iSy  no  doubt,  the  most  sure,  and  probably  the  most  economical 
method  of  obtaining  temporary  security  against  overflow  from  the  State 
of  Arkansas. 

There  are,  however,  two  serious  objections  to  the  project :  first,  such 
a  levee  would  dose  Bayou  Ma^on,  the  natural  drain  of  a  large  district 
of  swamp  lands  in  Chicot  County,  Arkansas.  This  would  entail  the 
additional  exx)ense  of  providing  a  new  channel  for  it«  rain-water  discharge, 
at  a  cost  which  can  only  be  determined  by  detailed  surveys.  Second, 
in  flood  seasons,  such  a  levee  would  form,  from  any  crevasse  water  escap> 
ing  from  the  Mississippi,  in  Chicot  Count3",  Arkansas,  an  immense  lake, 
which  would  eflectually  overflow  the  plantations  in  the  vicinity  iJx>m 
backwater.  The  project  would,  therefore,  be  vigorously  opposed  by  the 
land  owners  in  that  district,  and  there  would  be  danger  of  the  levee  be- 
ing designedly  cut.  A  compromise  might,  perhaps,  be  made  by  leaving 
Bayou  Ma9on  open,  and  extending  levees  down  its  banks  to  a  point  south- 
west of  Providence,  where  the  natural  drains  become  so  large  as  to  per- 
'  mit  the  passage  of  about  100,000  cubic  feet  per  second,  without  injury 
to  the  bordering  plantations ;  but,  as  will  soon  be  explained,  the  ultimate 
requirements  of  a  perfected  levee  system  will  make  this  scheme  too  dan- 
gerous to  be  adopted  without  careful  surveys  and  borings. 

Another  method  of  protecting  Northern  Louisiana  against  overflow 
from  Arkansas,  is  to  extend  the  main  Mississippi  levees  up  the  bank  to 
Gaines's  Landing,  or  perhaps  only  to  the  vicinity  of  Columbia,  near 
Tf hich  a  part  of  the  overflow  from  above  is  diverted  into  bayou  Boduf, 
thus  partially  relieving  bayou  Ma^on. 

It  is  to  be  regretted  that  the  report  of  a  recent  survey,  (1866  or  1867,) 
made  in  Chicot  County,  Arkansas,  under  the  direction  of  the  levee 
board  of  Louisiana,  to  throw  light  upon  this  problem,  is  not  at  hand. 
In  the  winter  of  1866-'66,  these  levees  were  in  a  very  bad  condition,  and 
it  is  believed  that  they  are  even  worse  at  present. 

There  were  then  seven  breaks  between  the  Louisiana  line  and  Colum- 
bia, requiring  about  390,000  cubic  yards  of  embankment,  costing  about 
$156,000;  and  four  breaks  between  Columbia  and  Gaines's  landing, 
requiring  about  350,000  cubic  yards  of  embankment,  costing  about 
$140,000.  The  levees  still  standing  were  much  worn  in  many  places,  and 
the  river  was  badly  eroding  its  bank  in  the  bend  above  Columbia.  It 
may  be  safely  assumed,  therefore,  that  the  present  cost  of  repairing 
the  levees  to  the  existing  grade  from  the  State  line  to  Columbia  will 
not  fall  below  $200,000,  and  thence  to  Gaines's  Landing  not  below 
$200,000. 

Whatever  project  is  adopted,  we  may,  therefore,  be  sure  that  $250,000 
is  a  very  moderate  estimate  of  the  outlay  which  is  absolutely  essential 
to  prevent  crevasse  waters  from  flowing  through  Chicot  County,  Arkan- 
sas, into  J^orthem  Louisiana,  even  supposing  that  the  present  height  ot 
the  levees  is  sufficient. 

From  the  northern  boundary  of  Louisiana  to  the  mouth  of  Sed  Biver, 
it  would  appear  that  a  decided  improvement  wafi  made  between  January, 
1866,  and  May,  1867 ;  for,  on  the  latter  date,  Mr.  J,  A.  Porter,  chief 
engineer,  second  division  Louisiana  levees,  furnished  the  following  list 
of  crevasses,  which  shows  that  the  new  levees,  at  several  bad  breaks, 
named  in  your  report  to  the  Secretary  of  War,  had  resisted  the  flood, 
^ir.  Porter,  however,  adds  that  his  estimates  of  the  extent  of  the  breaks 
is  not  based  upon  ^^  that  instrumental  data  which  is  alone  accurate  and 
reliable.'^ 

'No.  1.  Bass  levee,  three  miles  below  Providence.    Break  occurred  in 
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ttpper  wing  connecting  old  and  new  levee;  width,  one  thousand  feet; ' 
mean  depth  of  water,  nine  feet. 

"No.  2,  Hawes  Harris's  place,  on  boundary  line  between  Carroll  and 
Madison  parishes.  Break  occurred  in  a  temporary  levee,  the  main  line, 
as  located,  not  having  been  worked  upon;  width,  three-fourths  of  a  mile; 
mean  depth  of  water,  six  feet. 

Ko.  3.  Towne's  place,  at  lower  mouth  of  General  Grant's  Canal,  four 
miles  below  Yicksburg.  Break  occurred  in  an  old  levee;  width,  one 
thousand  feet;  depth  of  water,  six  feet. 

No.  4.  Buckner's  place,  in  upper  part  of  Tensas  Parish.  Break  in  an  old 
levee;  width,  four  hundred  feet;  depth  of  water,  three  feet. 

No.  5.  Lower  end  of  Point  Pleasant  levee,  just  above  the  Davis  cut- 
off. Break  in  new  levee,  supposed  to  have  been  cut;  width,  seven  hun- 
dred ffeet :  depth  of  water,  five  feet. 

No.  6.  JBrownler's,  about  five  miles  below  Grand  Gulf.  Break  caused 
by  a  cave,  partly  in  old  and  partly  in  new  levee;  width,  six  hundred  feet; 
depth  of  water,  two  and  a  half  feet. 

No.  7.  Bondurant's^  opposite  Brulnsburg.  Break  caused  by  a  cave  in 
new  levee;  width,  three  hundred  feet;  depth  of  water,  three  feet. 

No.  8.  J.  M.  Gillespie's,  one  mile  above  St.  Joseph.  Break  in  old 
levee;  width,  five  hundred  feet;  depth  of  water,  five  feet. 

No.  9.  Kempe's  levee,  about  six  miles  below  Bodney.  Break  occurred 
in  new  levee;  width,  one  thousand  five  hundred  feet;  depth  of  water, 
nine  feet. 

No.  10.  Surget's  place,  near  Lake  Concordia,  known  as  the  Marengo 
levee.  Break  caused  by  the  giving  way  of  the  levee  in  an  old  bayou; 
width,  one  thousand  feet;  depth  of  water,  eight  feet,  (in  bayou,  thirteen 
feet.) 

A  comparison  of  certain  of  these  breaks  with  their  condition  as  given 
in  your  report  to  the  Secretary  of  War,  indicates  that  Mr.  Porter's 
^^ depth  of  water"  refers  to  the  surface  flowing  through  the  opening,  and 
that  this  is  about  three  feet  below  the  top  of  the  levees  in  the  vicinity. 
Upon  this  supposition,  if  the  breaks  could  be  repaired  upon  straight 
lines  connecting  their  ends,  there  would  be  required  about  134,000  cubic 
yards  of  embankment.  But  such  a  location  cannot  be  given  to  the  new 
levees,  which  must,  in  several  of  the  crevasses,  take  the  form  of  extensive 
hoops,  in  order  to  be  out  of  danger  from  caving  bends. 

In  January,  1866,  the  embankments  required  for  repairs  in  this  district, 

i above  Red  River,)  omitting  what  was  probably  completed  before  the 
ligh  water  of  that  year,  exceeded  800,000  cubic  yards.  Although  sev- 
eral of  the  worst  breaks  had  been  permanently  closed,  some  new  ones 
had  been  made,  and  it  may  safely  be  assumed  that  500,000  cubic  yards 
of  embankmeut,  costing  about  $200,000,  was  required  at  the  date  of  Mr. 
Porter's  letter,  to  put  the  levees  in  a  state  of  ordinary  repair  upon  their 
present  grade.    Probably  no  less  sum  is  required  now. 

Below  the  mouth  of  Red  River,  I  have  no  information  subsequent  to 
the  date  of  the  report  of  the  levee  commissioners,  which  was  presented 
before  the  flood  of  1867.  This  states  that  the  levees  were  either  finished 
or  in  such  a  state  of  progress  as  to  be  considered  secure  on  January  4, 
1867,  except  the  Chinu,  and  Robertson,  Grand  and  Morganza  levees;' 
and  that  it  was  anticipated  that  these  would  be  completed  by  February 
1.  This  was,  however,  hardly  as  favorable  an  exhibit  as  for  the  district 
above  Red  River,  in  which  we  have  seen  that  the  flood  committed  great 
ravages.  In  January,  1866,  there  were  fifty-nine  breaks  below  the  mouth 
of  Red  River,  requiring  1,564,000  cubic  yards  of  embankment.  Assuming 
the  same  probable  ratio  of  destruction  below  as  above,  the  flood  of  1867 
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should  have  left  in  this  district  crevasses  reqairing  1,000,000  cubic  yards 
of  embankment,  at  a  cost  of  $400,000.  Sabsequent  deterioration  has 
probably  raised  this  sum  to  $600,000.  This  estimate  is  hardly  better 
than  a  guess;  but,  in  the  absence  of  authentic  information,  it  will  be 
adopted  as  perhaps  sufficient  for  the  general  purposes  of  this  report 

The  total  cost  of  repairing  existing  breaks  in  Louisiana,  not  including 
water  entering  through  Chicot  County,  Arkansas,  is,  then,  $800,000.  In 
1866,  this  amount  was  estimated  at  $1,200,000. 

The  State  of  Mississippi  is  fortunate  in  having  her  great  district  of 
alluvial  lands  entirely  under  her  own  control,  exposed  to  danger  of 
overflow  from  no  other  State.  It  is  situated,  however,  in  precisely  that 
part  of  the  valley  where  the  difficulty  of  restraining  the  floods  is  great- 
est. Her  system  of  levee  organization,  adopted  1858,  was  far  in  advance 
of  that  in  other  States ;  and  her  levees  would  doubtless  now  be  the  best 
upon  the  river,  had  not  the  war  caused  them  to  be  neglected,  and  in 
part  destroyed. 

My  information  concerning  the  breaks  in  this  State  is  more  exact  than 
for  any  other — ^in  fact,  is  partly  official;  being  for  the  district  comprised 
between  Sunflower  Landing,  in  Coahoma  County,  and  the  Vicksburg 
Bluffs,  supplied  by  Mr.  Minor  Meri weather,  chief  engineer;  above  it,  is 
from  Mr.  William  Henson,  civil  engineer,  residing  at  Friar's  Point. 
Both  letters  bear  date  in  1867,  after  the  flood  had  begun  to  recede.  In 
connection  with  your  report  of  1866,  they  render  it  possible  to  make 
reliable  estimates  for  this  region,  which  comprises  the  Yazoo  bottom 
land. 

Beginning  at  the  north,  there  were  in  1866,  in  De  Soto  County,  about 
4.5  miles  of  breaks,  contents  150,000  cubic  yards;  in  Tunica  County,  8.5 
miles  of  breaks,  contents,  460,000  cubic  yards;  in  Coahoma  County, 
above  Hushpuckana,  nine  breaks,  contents,  270,000  cubic  yards;  making, 
on  the  Yazoo  front,  above  Sunflower  Landing,  a  total  of  880,000  cubic 
yards  of  embankment  necessary  in  1866.  No  repairs  have  been  made 
since  the  date  of  these  surveys,  and  in  the  flood  of  1867,  ^^  numerous 
minor  breaks"  were  formed,  "nearly  all  small."  Allowing  for  the  wear 
of  the  exposed  ends  of  the  levees,  and  for  these  new  breaks,  1,000,000 
cubic  yards  of  embankment,  costing  $400,000,  is  a  fair  estimate  of  the 
requirements  for  this  district.  The  only  other  break  in  Coahoma  County 
is  Hushpuckana  crevasse.  About  five  miles  of  new  levee  were  con- 
structed in  1866,  upon  the  permanent  location,  to  close  this  break,  cue 
of  the  most  troublesome  upon  the  river;  but  it  broke  in  the  flood  of  1867. 
There  are  three  nearly  equally  costly  locations  for  the  new  levee;  con- 
tents, about  700,000  cubic  yards.  In  Bolivar  County,  there  are  three 
bad  breaks.  Pride's,  Niblet's  and  Easten's,  which  required,  in  1867, 
according  to  Mr.  Meriweather,  11.65  miles  of  levee  to  close  them  on  the 
permanent  location.  The  contents  would  probably  be  about  500,000 
cubic  yards.  In  Washington  County,  there  is  only  one  bad  break,  the 
Miller  Bend  crevasse,  contents,  150,000  cubic  yards.  In  Issaquena 
County,  two  important  points  only  required  repair  in  1867,  viz:  Wade's 
and  Christmas's;  length  of  new  levee  necessary,  3.5  miles;  contents, 
probably  about  200^000  cubic  yards.  This  completes  the  levees  of  the 
State  of  Mississippi.  The  total  requirements  to  close  existing  breaks 
are  2,550,000  cubic  yards,  at  a  cost  of  about  $1,020,000.  Bepairs  in  cav* 
ing  bends,  which  cannot  long  be  deferred,  will  raise  this  amount  to  fully 
$1,500,000. 

The  State  of  Arkansas  is  naturally  divided  into  three  level  districts; 
that  extending  from,  the  Missouri  line  to  Helena;  that  extending  from 
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Helena  to  the  mouth  of  White  River;  and  that  extending  firom  the, 
Arkansas  Eiver  to  ttie  Louisiana  boundary. 

The  district  extending  from  the  northern  boundary  to  Helena  is  the 
most  unfortunate^  in  its  geographical  location,  of  any  upon  the  river, 
being  entirely  dependent  for  its  security  upon  the  perfection  of  the  levees 
of  Missouri.  Water  leaving  the  Mississippi,  between  Cape  Girardeau 
and  Commerce  Bluffs,  or  between  New  Madrid  and  the  Arkansas  bound- 
ary, x>ours  through  the  back  country  and  returns  to  the  Mississippi,  in 
Arkansas,  through  Mill  Bayou,  opx>osite  Island  30;  Wappenoky  Bayou, 
near  Island  40:  a  bayou  near  Island  46,  or,  generally,  over  the  banks 
below  Council  Bend.  Unless  such  water  can  be  kept  in  the  channel, 
the  levees  are  attacked  from  the  rear  and  washed  into  the  river  at  and 
near  the  points  indicated.  It  is,  therefore,  evident  that  no  general 
system  of  protection  can  be  carried  into  effect  for  Arkansas,  without 
including,  as  an  essential  part  of  the  project,  the  perfection  of  the  levees 
in  the  two  districts  of  Missouri  above  named.  Added  to  this  difficulty 
is  the  one  even  greater,  that  the  river  erodes  its  banks  much  more 
rapidly  in  this  pai^  of  iti3  course  than  nearer  its  mouth,  owing  to  the  more 
frequent  and  violent  oscillations  of  \t%  surface.  Hence  the  construction 
of  a  levee  system  ux>on  the  immediate  banks  of  the  stream  would  be 
highly  injudicious,  so  far  as  the  protection  of  the  back  country  is  con- 
cerned; moderate  levees,  for  local  interests,  might  probably  repay 
investment,  as  the  recurrence  of  very  great  floods  is  rare.  In  a  later 
portion  of  this  report,  when  treating  of  a  perfected  levee  system,  these 
facts  will  be  again  considered;  here,  they  are  only  mentioned  in  order 
to  explain  the  necessity  of  including  a  part  of  Missouri  in  the  estimates 
for  repairing  existing  breaks  in  the  Arkansas  levees. 

The  inlet  between  Cax)e  Girardeau  and  Commerce  is  small,  and  may 
be  neglected  in  so  very  partial  a  treatment  of  the  problem  as  that  now 
under  consideration. 

From  New  Madrid  to  the  Arkansas  boundary  the  levees  are  in  a 
tolerably  good  condition,  and  in  1866  there  was  a  balance  of  the  original 
levee  ftmd,  donated  by  the  general  government  to  the  State,  still  on 
hand.  The  distance  by  the  levee  route  is  about  fifty  miles;  the  needful 
repairs  would  probably  be  covered  by  $150,000. 

From  the  boundary  to  Memphis  there  were,  in  1866,  ten  breaks,  gen- 
erally not  long,  but  often  deep.  About  700,000  cubic  yards  ot  embank- 
ment were  required,  probably  at  a  cost  of  fifty  cents  per  yard,  amounting 
to  a  total  of  $350,000.  As  the  country  had  then  recently  assessed  a  tax 
for  levee  purposes,  it  is  probable  that  further  deterioration  has  been 
prevented. 

Below  Memphis,  the  levees,  in  1866,  were  in  a  very  bad  condition, 
constructed  in  the  first  instance  too  near  the  river,  which  in  this  vicinity 
is  rapidly  eroding  its  banks,  (about  1,5  mile  in  forty  years  in  Council  Bend,) 
subject  in  the  lower  third  to  overflow  from  the  rear;  and,  above  all, 
having  been  neglected  for  several  years,  the  levee  might  safely  be  con- 
sidered as  worthless.  To  repair  it  would  be  more  expensive  tban  to 
build  a  new  levee  on  a  proper  location,  removed  from  caving  bends. 

The  total  distance  is  about  seventy  miles,  and  the  cost  of  repairs  (to 
old  grade)  would  not  be  less  than  $500,000. 

In  fine,  then,  the  repair  of  existing  breaks  on  the  St.  Francis  front, 
necessary  to  bring  the  levees,  ux>on  which  depends  the  safety  of  the 
Arkansas  lands,  into  as  good  condition  as  the  portions  still  remaining 
uninjured,  would  involve  an  expenditure  of  about  $1,000,000.  When 
completea,  these  repairs  would  have  so  temporary  a  value  that  in  ten 
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years,  unless  an  immense  annual  outlay  were  made,  the  country  would 
probably  be  as  much  exposed  to  overflow  as  at  present. 

The  Arkansas  levee  district,  included  between  Helena  and  White 
Bivers,  is  more  fortunate  than  that  Just  considered,  in  being  i>erfectly 
protected  from  overflow  from  above  by  the  Helena  hills.  It  is,  however, 
very  small  in  extent  From  Helena  to  Oldtowu  Bidge  there  were,  in 
1S66,  five  breaks,  contents  148,000  cubic  yards,  costing  about  f  59,000 
for  repairs.  From  Oldtown  Bidge  to  Carson's  Landing,  near  Islands  67 
and  68,  there  were  then  several  breaks,  the  worst  being  at  the  Lima 
place— total  contents  about  150,000  cubte  yards,  requiring  about  $60,000. 
Thence  to  Laconia,  the  levees  were  good,  (distance  fifteen  miles.)  At 
Lacouia  the  planters  had  repaired  the  State  levee  to  Bob's  BayocL  which 
enters  the  ]\iississippi  two  miles  below  Island  71,  a  distance  of  seven 
miles,  and  had  connected  these  tennini  by  a  rear  levee  eleven  miles 
long,  to  keep  out  the  overflow  from  White  Biver,  thus  inclosing  15,000 
acres  of  good  land.  The  Laconia  circuit  broke  in  the  upper  part  ui 
1867,  and  had  to  be  cut  below  to  let  out  the  water.  From  Bob's  Bayoa 
to  Napoleon  no  Jevees  ever  existed.  Probably  the  cost  of  repairs  in  this 
entire  district  would  not  exceed  $150,000;  but  its  protection  is  strictly 
a  local  matter. 

The  third  Arkansas  district,  or  rather  that  part  of  it  lying  below 
Gaines's  Landing,  ha«  already  been  considered  in  discussing  the  protection 
of  Kortheru  Louisiana.  Above  Gaines^s  Landing,  to  Desha  County  line, 
the  levee  is  reported  good.  Thence  to  Nax>oleon  it  is  practically  gone.  To 
protect  this  region  from  floods  in  Arkansas  Biver,  and  from  Mississippi 
back-water  in  that  stream,  levees  have  been  extended  up  the  river  firom 
near  Napoleon  to  a  point  forty-five  miles  below  Little  Bock,  chiefly  on  the 
southern  bank.  The  upper  part  of  these  levees  is  reported  good,  but 
several  breaks  are  named,  particularly  at  four,  at  ten,  and  at  fifteen  miles 
above  Napoleon,  and  near  Heckatoo  plantation.  To  close  the  breaks  in 
both  rivers  sufficiently  to  protect  the  region  above  Gaines's  Landing  from 
overflow,  (present  grade,)  would  probably  involve  an  outlay  of  $3^,000, 
making  the  total  cost  of  repairing  breaks  in  this  third  levee  district  of 
the  State  of  Arkansas  about  $700,000. 

To  close  the  breaks  necessary  to  protect  the  entire  State  would  then 
call  for  an  expenditure  of  $1,850,000. 

In  fine,  then,  to  close  the  breaks  now  existing  in  the  Mississippi  levees, 
would  cost  as  follows: 

State  of  Louisiana $1, 050, 000 

State  of  Mississippi 1, 500, 000 

State  of  Arkansas 1, 850, 000 

It  should  be  remembered,  however,  that  in  these  estimates  the  cost 
of  excluding  crevasse  water,  entering  Louisiana  through  Chicot  County, 
Arkansas,  ($250,000,)  is  contained  twice,  once  for  Arkansas  and  once 
for  Louisiana,  and  that  the  outlay  required  for  Arkansas  also  gives  pro- 
tection to  a  part  of  Missouri. 

It  should  also  be  borne  in  mind  that  this  money  is  required  to  simply 
replace  the  levee  system  of  the  Mississippi  where  it  has  already  been 
when  most  complete.  This  is  far  below  what  the  real  security  of  the 
'  region  demands,  and  the  only  justification  for  such  an  expenditure  would 
be  found  in  the  fact  that  it  would  enable  planters  to  make  crops  in  ordi- 
nary seasons,  well  knowing  thiit  at  any  recurrence  of  great  floods,  which 
hapi)ens  usually  about  once  in  three  or  four  years,  extensive  inundations 
would  be  sure  to  occur.  In  the  sufifering  and  reduced  condition  of  the 
region  at  present,  some  such  temporary  and  partial  relief  might  enable 
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the  planters  to  obtain  enough  funds  and  credit  to  save  their  estates 
from  ruin,  and  thus  prepare,  eventaally,  for  building  the  more  extensive 
levees  which  secority  demands. 

A  PERFECTED  LEVEE  SYSTEM. 

The  investigations  and  surveys  conducted  by  yourself  between  the 
years  1S50  and  1S(U,  and  fully  elaborated  in  the  report  upon  the  physics 
and  hydraulics  of  the  Mississippi,  which  constitutes  professional  papers 
Ko.  13  of  the  corps  of  engineers,  iiave  demonstrated  that  the  best,  and, 
indeed,  the  only  feasible  method  of  protecting  the  alluvial  region  from 
overflow,  is  that  of  a  levee  system  in  which  the  dimensions  of  the 
embankment  are  computed  to  restrain  the  maximum  flood  discharge  of 
the  river  when  confined  to  the  channel  from  Cape  Girardeau  to  the 
mouth.  In  that  report  the  whole  subject  is  thoroughly  discussed,  and 
the  dimensions  of  the  levees  in  all  parts  of  the  region  are  computed  in 
detail  from  the  very  elaborate  and  exact  data  obtained  by  actual  meas- 
urement in  the  flood  of  1858.  That  flood  was  adopted  as  the  standard,  be- 
cause a  close  comparative  analysis  of  all  other  recorded  floods,  including 
that  of  1859,  proved  that  in  no  other  would  the  maximum  discharge  have 
been  in  excess  of  what  would  have  occurred  in  that  flood  had  the  levees 
been  able  to  restrain  the  river  to  its  bed.  Hence,  at  the  date  of  that . 
repoit  (18C1)  the  probable  difficulty  and  cost  of  a  perfected  system  which 
should  give  to  the  plantations  upon  the  banks  of  the  Mississippi  the 
same  security  that  is  enjoyed  by  the  fields  of  Holland,  was  accurately 
known.  The  only  point  which  demanded  further  investigation  was, 
whether  the  flood  of  185S  had  been  correctly  assumed  as  a  standard,  a 
point  which  time  alone  could  certainly  determine. 

Since  1859,  there  have  been  but  three  great  flood  years — 1802, 1865, 
and  1867;  the  others  belong  to  the  class  of  ordinary  high  waters,  in 
which  the  projected  levees  would  have  largely  exceeded  the  requirements 
of  the  maximum  volume.  To  decide,  therefore,  at  the  present  time  upon 
the  proper  dimensions  of  levees  for  the  Mississippi,  we  have  only  to 
compare  carefully  those  three  great  floods  with  that  of  1858,  to  ascertain 
whether  or  not  the  water-mai-ks  and  recorded  facts  indicate  a  maximum 
discharge  at  the  head  of  the  alluvial  region,  or  just  below  the  mouths  of 
any  of  the  lower  tributaries,  in  excess  of  that  which  would  have  occurred 
in  1858,  had  all  the  water  been  confined  to  the  channel  from  Cape  Girar- 
deau to  the  Gulf,  If  this  question  be  decided  in  the  negative,  the  flood 
of  1858  remains  a  safe  staudaixl;  if  in  the  affirmative,  the  estimates  in 
the  physics  and  hydraulics  of  the  Mississippi  must  be  modified  to  allow 
for  the  increased  volume  to  be  apprehended. 

The  finst  point,  then,  for  attention  is,  the  extent  of  the  information 
which  has  been  preserved  respecting  the  three  great  floods  in  question. 

When  acting  as  your  assistant,  upon  the  examination  of  the  levees,  in 
the  winter  of  i865-'66, 1  made  every  effort  to  collect  all  jwssible  facts 
respecting  the  floods  of  1862  and  1865.  Sufficient  high-water  marks 
were  found  to  indicate,  with  a  good  deal  of  precision,  the  level  attained 
by  each  of  these  floods,  as  compaxed  with  that  of  1858,  throughout  the 
allu\ial  region.  Through  the  kindness  of  Mr.  Aug.  V.  Taylor,  at  Cairo, 
and  of  Mr.  G.  W.  R.  Bayley,  at  New  Orleans,  daily  records  of  the  stand 
of  the  river  at  those  points  in  1865  were  received.  Some  meagre  infor- 
mation respecting  the  condition  of  the  different  tributaries  during  the 
two  floods  was  also  secured;  but  the  war  had  distracted  attention  from 
river  phenomena,  and  the  lapse  of  time  had  rendered  it  impossible  to 
collect  as  full  data  as  could  be  desired,  especially  for  the  flood  of  1862. 
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Before  the  flood  of  1867  had  subsided,  instroctions  were  issaed  from 
tlie  headquarters  of  the  Corps  of  Bngiueers  to  Brevet  Brigadier  Cren* 
eral  McAlester,  at  New  Orleaus,  to  Brevet  Colonel  Merrill,  at  St.  Louis, 
to  Brevet  Mtyor  Burroughs,  at  Nashville,  and  to  Mr.  W.  Milnor  Robert^ 
superintending  engineer  of  Ohio  River  improvements,  to  collect  all 
possible  data  respecting  the  overflow.  Circular  letters  were  accord- 
dingly  at  once  addressed  to  the  different  civil  and  military  authorities, 
requesting  facts.  Many  valuable  letters  were  received  in  reply.  This 
material  accompanied  your  instructions  directing  me  to  prepare  this 
report,  and  upon  it,  and  a  few  other  data  received  from  Mr.  8.  Staats 
Taylor,  at  Cairo,  and  from  Colonel  Merrill,  at  St.  Louis,  the  following 
analysis  of  this  flood  is  based. 

Before  proceeding  to  the  detailed  discussion  of  the  three  floods,  the 
following  table  is  presented  to  exhibit  their  relative  high-water  marks, 
as  compared  with  the  floods  of  1858  and  1859.  It  is  properly  a  coutiQ- 
nation  of  the  flood-table  on  page  170  of  Physics  and  Hydraulics  of  the 
Mississippi  j  but  the  flood  level  of  1862  has  necessarily  been  adopt<ed 
as  the  plane  of  reference,  instead  of  that  of  1858.  The  sign  +  denotes 
that  the  flood  in  question  exceeded  the  height  attained  in  1862,  and  the 
sign  —  that  it  fell  short  of  that  height.  The  nural)ers  following  the 
signs  denote  the  difference  in  height  attained  in  the  two  floods,  expressed 
in  feet.  In  comparing  the  high-water  levels  in  these  different  floods, 
the  fact  must  be  borne  in  mind  that  four  cut-off's  have  occurred  during 
the  period,  viz:  the  American  Bend  cut-off,  on  April  15,  1858;  the 
Napoleon  cut-off,  on  April  11, 1863:  the  Terrapin  Neck  cut-off,  early  in 
March,  1866;  and  the  Davis  cvLt'0%  at  Palmyra  Bend,  on  February  10, 
1867.    Their  relative  positions  are  indicated  in  the  table. 

Comparative  heightB  of  recent  floods. 


Locality. 


SL  Louis 

Cairo,  HI 

NewkadHd 

Five  niLien  above  Oeceola. . 

08ce(da 

Memphis 

Head  of  Cat  Island 

Foot  of  Cat  Island 

Head  of  Walnut 

Helena 

Friar's  Point , 

Wilkinaon'a  Landing,  Is- 
land 63. 

Sunflower  landing,  Island 
66. 

Concordia , 

One  mile  above  Wbito 
River. 

Throe  miles  below  White 
Kiver. 

Out-of,  JLprU  11, 1883. 

Six  miles  above  Beulah,  (in 
old  river,  made  by  ent- 
off,  April  11, 1663.) 

liapoleon 

Bolivar  Bond,  Island  76  ... . 

Choctaw  Bend,  Island  79  . . 

Greenville,  Island  83 


1862. 


1858. 


Date. 


Dia 


Feet 
Apr.  26+5.7 

May    2—1.2 


May    6 


! 


May  4 
Apr.  90 


+0.2 


Date. 


Jnno     15 
June  21,22 


—0.5 
—0.7 
—0.7 
—1.1 
—1.8 
—1.4 
-0.9 

—0.8 


—1.4 
— «Ll 


+1.4 


June  17,23 


June     23 


July     2,6 


{j^ye} 

Apr.     6, 7 


1859. 


1865. 


Dili: 


FeeL 


—0.6 


—1.0 

— ai 

—9.8 
—2.1 
—0.8 

—0.5 


4.4 

-1.8 


Date. 


{ 


May        7 


May  12, 13 


Mar.      22 


Mar.      SS 
Mar.      — 


Dilt 


FeeL 
—6.3 

—4.6 
—2.8 


-i.l!| 

—0.9 

—1.0 

—1.5 

—2.0 

— L4 

—0.9 

-0.5 


—1.3 

—0.7 
—0.5 


Date. 


Apr.  1 
July  28 
Mar.  n^li* 


1W7. 


DifC 


Apr.      13 


Feet. 
— &9 
—3.0 
—0.3 
—0.7 
—0.1 
—0.3 
—0.5 


—0.6 


— a4 
— ae 

—1,7 


—1.8 
—0.8 


Date. 


Feb.  SI 
May  — 
Mar.  21 
Mar.8S.37 
Mar.  90,91 
Apf.  1 
Mar.      S 


Apr. 
Apr. 


1 
1,3 


Mar.  15 

Mar.  38 

Mar.  30 

Mar.  90 


Mar. 
Apr. 


II 
3 


— 0. 8  Mar.      SO 
-A  9 1  Apr.       1 
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LoeaUty. 

ISOSL 

law. 

1850. 

1865. 

1867. 

Date. 

DUE 

Date. 

DifC 

Date. 

Dift 

Date. 

DifC 

Date. 

Out^f,  Apra  15  IftRa 
Bnnch6*s Bond  ^ ........... 

JVaf. 

FteL 

FmL 

F9tL 
—2.1 
—1.5 
—1.8 

—0.0 
-4.3 
—1.0 

+1.0 
+L0 
+0.2 

'WtA^'n  (IftlMid  99) 

Apr.        8 

ProTidence  - . ... 

Apr.       8 

Apr.      25 

Month  of  'Yazoo ........... 

Vicksburg 

Apr.  27 

—2.2 

June  26,27 

ll4)>9 

Apr.  21, 30 

— 2l7 

Ifflimd  iM.  fOlftmoid) 

OuUf,  FOmuury  10, 1867. 

BolOW  PflTlfl'H  OQt-4(ff  . . .  r .  . 

TTaM  TimAM -    

Vidalia 

Jnne     — 
July      13 

May        2 

Bad  Kiver  Landioff 

-0.0 
— 3w5 

p^^vn11>  (Tfland  1^>  , 

Garrolltoii 

-«.8 
-41.7 

May  10, 12 

—0.4 
-41.5 

May        6 

Abriera . 

Flood  of  1867. — A&  the  records  of  this  flood  are  more  complete  than 
of  either  of  the  others,  it  will  be  considered  first. 

In  some  respect's  its  ori^n  was  peculiar.  The  winter  of  1866-'67 
was  marked  throughout  the  southern  x>ortion  of  the  Ohio  Valley  by  an 
unusu^  down-fall  of  snow  and  rain ;  while  in  the  region  drained  by  tibie 
Upper  Mississippi  and  Lower  Missouri  the  season  was  remarkably  dry. 
A  sudden  thaw  with  warm  rains  in  February  caused  moderate  floods  in 
the  Alleghany  and  Monongahela  rivers,  and  in  the  smaller  tributaries, 
of  the  Ohio,  leading  near  the  main  stream;  and  a  great  flood,  second 
only  to  the  flood  of  1858,  in  the  Wabash.  The  combined  effects  of  those 
freshets  was  to  cause  a  very  sudden  rise  in  the  Ohio^  which  culminated 
at  Louisville  on  February  22,  where  it  was  only  eight  feet  below  the 
high  water  of  1832;  and  at  Oaseyville,  below  the  mouth  of  the  Wabash, 
on  March  1,  where  it  was  half  a  foot  above  the  high  water  of  1832,  tihe 
greatest  of  th^  recorded  floods  at  that  locality. 

The  same  climatic  influences  extended  over  the  valleys  of  the  Illinois 
Siverand  other  southern  tributaries  of  the  Upper  Mississippi,  producing 
a  moderate  freshet  in  the  Mississippi  at  St.  Louis.  The  rise  there  began 
on  February  13,  the  river  being  26.5  feet  below  the  city  directrix;  it 
culminated  on  February  21,  at  9.3  feet  below  this  bench;  after  remain- 
ing four  days  sensibly  at  a  stand,  the  river  gradually  subsided,  until,  on 
March  21,  it  was  21  feet  below  the  directrix.  The  freshet  at  St.  Louis, 
was  by  no  means  a  large  one,  being  16.9  feet  below  the  high  water  of 
1844,  and  12.6  feet  below  that  of  1858 ;  still,  it  is  evident  that  it  almost 
exactly  combined  at  Cairo  with  the  February  rise  in  the  Ohio,  and  thus 
did  its  maximum  of  injury  to  the  alluvial  regions.  The  downfall  at  St. 
Louis  was  2.3  inches  in  January,  4.8  inches  in  February,  and  2.4  inches 
in  March,  showing  a  slight  indication  of  the  great  February  rains,  but 
none  whatever  of  those  in  March. 

Such  was  the  condition  of  the  rivers,  when,,  in  March,  a  wide-spread 
series  of  furious  rain-storms  occurred.  The  belt  containing  them 
extended  from  the  headwaters  of  the  Washita  and  White  liivers  of 
Arkansas,  eastward  across  the  Statesof  Arkansas,  Missouri,  Kentucky, 
Tennessee,  Western  North  Carolina,  and  Western  V  irginia ;  but  it  was  in 
the  mountain  region,  where  heads  tne  Tennessee  Biver,  that  the  greatest 
22 
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delage  occurred.  The  downfall  here  was  entirely  beyond  precedent^ 
raising  the  Tennessee  Eiver  at  Chattanooga,  on  March  11,  53  feet  above 
low  water ;  or  15.5  feet  above  any  known  water-mark.  With  the  Cam- 
berland,  the  Kentucky,  the  Green,  and,  indeed,  all  the  lower  southern 
tributaries  discharging  full  floods  into  the  Ohio,  before  the  February  rise 
had  had  time  to  pass  away,  this  sudden  Tennessee  Biver  flood  raised  the 
Lower  Ohio  to  the  highest  stand  ever  attained.  Fortunately  the  immense 
wave  found  the  Mississippi  burdened  only  with  the  previous  rise,  the 
Upper  Mississippi,  the  Missouri,  and  the  Arkansas  all  being  low.  The 
Washita,  White,  St.  Francis,  and  Tazoo  Bivers  were  swollen  from  the 
same  rains,  but  probably  not  sufficiently  to  produce  much  effect  upon 
the  great  wave  from  the  Ohio,  which  arrived  rather  too  late  to  coincide 
with  their  freshets.  This  flood  in  the  Ohio  was  no  less  remarkable  for 
duration  than  for  extreme  height — matters  of  equal  importance  in  effect- 
ing a  flood  in  an  immense  channel  like  that  of  the  Lower  Mississippi. 
For  32  consecutive  days,  at  Cincinnati,  (February  16  to  March  19,)  the 
mean  channel  depth  was  51.3  feet,  the  greatest  being  55.8  feet  and  57.3 
feet,  on  February  22,  and  March  14  and  15,  respectively,  and  the  least 
being  44.6  feet,  on  March  2  and  3.  So  long  a  continuance  at  this  stage 
is  beyond  precedent. 

These  facts  respecting  the  tributaries  make  it  evident  that  the  flood 
of  1867  in  the  Mississippi  itself  must  have  been  marked  by  many  peculian- 
ties.  In  order  to  convey  a  clear  idea  of  its  character  I  have  prepared 
the  accompanying  plate,  drawn  ux>on  the  same  scale  as  that  adopted  in 
the  Report  upon  the  Physics  and  Hydraulics  of  the  Mississippi,  to  iUns- 
trate  the  floods  there  discussed.  [For  plate  referred  to,  see  original  on 
flle  in  office  of  Chief  of  Engineers.]  It  will  be  noticed  that,  beside  the 
oscillations  at  various  x>oints  in  1867  and  1865,  the  plate  contains  other 
valuable  river  records,  obtained  through  the  kindness  of  Mr.  Taylor 
and  Mr.  Bayley. 

Since  there  was  no  great  Mississippi  flood  above  the  mouth  of  the 
Ohio  in  1867,  Cairo  is  the  first  point  which  requires  attention.  It  is  a 
particularly  important  locality  in  all  floods,  being  situated  so  near  the 
head  of  the  alluvial  region  that,  when  the  source  of  the  flood  is  known, 
a  relative  estimate  of  the  maximum  discharge  into  that  district  may  be 
formed  from  a  judicious  study  of  the  gauge  indications  there;  but  in 
this  connection  it  is  well  to  call  attention  to  the  following  facts,  wMch 
were  fully  established  by  repeated  observations  upon  the  Mississippi, 
and  which,  paradoxical  as  they  may  appear,  are  in  perfect  accordance 
with  the  laws  governing  flowing  water. — (See  page  324  Physics  and 
Hydraulics  of  the  Mississippi.) 

1.  For  any  given  stand  there  is  much  more  water  passing  when  the 
river  is  rising  than  when  it  is  falling. 

2.  For  any  given  stand  there  is  usually  more  water  passing  in  a  long 
and  rapid  than  in  a  short  and  slow  rise;  but  this  is  not  always  the 
case,  the  discharge  being  governed  by  the  rdative  stage  of  the  water 
in  the  channel  above  and  below. 

3.  The  maximum  discharge  iinany  normal  rise  occurs  when  the  river 
has  reached  a  point  a  few  inches  below  the  highest  point  attained. 

4.  If,  when  a  freshet  has  culminated,  and  the  water  either  comes  to  a 
stand  or  begins  to  fall,  a  second  rise  occurs,  it  will  cause  the  surface  to 
rise  considerably  higher  than  would  have  oeen  the  case  had  the  same 
volume  passed  without  a  previous  diminution  of  supply.  For  instance, 
in  the  flood  of  1851,  the  Mississippi  at  Eed  Biver  Lauding  attained  a 
certain  stage,  with  a  measured  discharge  of  1,200,000  cubic  feet  per 
second.    It  had  ceased  to  rise,  and  was  just  ready  to  begin  to  fill,  with 
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a  discharge  reduced  to  I^IGO^OOO  cubic  feet,  when  the  volume  was  again 
increased  to  1,200,000  cubic  feet.  The  river  immediately  rose  to  a  point 
two  feet  higher  than  before.  This  was  no  isolated  case,  but  was  in 
strict  accordance  with  general  river  laws,  as  is  fully  explained  on  page 
363,  Physics  and  Hydraulics  of  the  Mississippi 

It  is,  therefore,  carefiilly  to  be  borne  in  mind  that  the  maximum  dis- 
charges of  two  floods  are  by  no  means  necessarily  proportional  to  the 
water  level  attained  in  them.  Under  some  circumstances  the  lesser 
discharge  may  cause  the  higher  water  mark.  These  principles  being 
understood,  the  facts 'connected  with  the  flood  of  1867  at  Cairo  will  be 
considered. 

At  Cairo,  on  February  1,  the  river  was  at  an  ordinary  low  stage,  the 
water  surface  reacting  3.9  on  tiie  gauge  of  the  Cairo  City  Company;  on 
the  morning  of  the  2d  it  had  begun  to  rise  rapidly.  The  February 
freshets  in  tiie  Upper  Ohio  culminated  at  Louisville  on  February  22, 
being  eight  feet  below  high  water  of  1832;  that  in  the  Wabash  at  Vin- 
cennes  on  the  same  date,  rising  half  a  foot  above  all  known  water  marks, 
and  that  in  the  Mississippi  at  St.  Louis,  on  February  21  and  25,  being 
12.6  feet  below  high  water  of  1858.  The  combined  effects  oi  these 
floods  arrived  at  Cairo  on  March  1,  bringing  the  river  to  a  stand  at 
about  the  level  of  the  high  water  of  1858,  (0.2  foot  above  that  level  at 
the  foot  of  Twentieth  street,  and  0.3  foot  below  it  near  the  junction  of 
the  two  rivers.)  This  rise  of  36.7  feet  in  2^  days  was  unprecedented.  The 
river  then  gradually  declined  until,  on  March  8,  it  had  fallen  0.9  foot: 
it  then  again  slowly  swelled  until,  on  March  21,  it  reached  its  highest 
stand,  (1.4  foot  above  high  water  of  185S  and  0.1  foot  above  high  water 
of  1862,  at  the  foot  of  Twentieth  street,  and  0.9  above  the  high  water  of 
1858,  and  0.3  foot  below  the  high  water  of  1862,  near  the  junction  of  the 
two  rivers.  These  discrepancies  in  the  flood  level  must  always  be 
excepted  at  Cairo,  unless  the  water  surface  is  taken  at  the  junction  of 
the  two  rivers.  Thus,  Mr.  Hely,  city  engineer,  reports  that  on  March 
18^  1867,  he  found  the  Ohio  water  to  be  11.5  inches  above  that  of  the 
Mississippi  at  the  north  junction  of  the  Cairo  levees,  the  stations  being  60 
feet  apart.)  This  second  swell,  of  coarse,  was  due  to  the  arrival  of  the  com- 
bined Upper  Ohio,  Cumberland,  and  Tennessee  rise.  After  culminating, 
the  river  at  Cairo  fell  nearly  as  rapidly  as  it  had  risen.    (See  Plate.) 

What  do  these  facts  indicate  respecting  the  maximum  discharge  into 
the  head  of  the  alluvial  region  in  the  flood  of  1867?  This  discharge 
must  plainly  have  occurred  late  in  February,  just  before  the  first  swell 
culminated,  for  the  conditions  at  Bed  Eiver  Landing  in  1851  were 
repeated  in  the  second  rise.  The  height  attained  in  the  first  swell  was 
not  quite  equal  to  the  high- water  level  of  1858  j  but;,  since  the  rise  was  longer 
and  more  rapid,  it  will  not  be  safe  to  estimate  the  discharge  at  Cairo  at 
a  less  amount  than  it  was  in  that  year,  which,  accurately  measured,  was 
1,420,000  cubic  feet  per  second.  Since  there  was  no  overflow  into  the 
St.  Francis  bottom  between  Cape  Girardeau  and  Cairo  in  1867,  this 
amount  represents  the  whole  of  the  maximum  volume  poured  into  the 
alluvial  region  near  its  head  in  that  year.  In  1858,  at  the  date  of  maxi- 
mum discharge  at  Cairo,  35,000  cubic  feet  per  second  were  passing 
through  Cape  Girardeau  Inlet,  and  20,000  cubic  feet  over  the  banks, 
between  Commerce  BlujBfs  and  Cairo,  giving  a  total  maximum  discharge 
into  the  alluvial  region  of  1,475,000  cubic  feet  per  second,  or  55,000 
cubic  feet  more  than  in  1867. 

Without  claiming  exact  accuracy  for  this  estimate  of  the  maximum 
volume  to  be  kept  in  the  channel  in  1867,  by  a  perfected  levee  system- 
it  is  hardly  possible  that  any  error  equaling  55,000  cubic  &et  per  second 
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can  exist  in  it.  Clearly,  then,  levees  compated  for  the  flood  of  1858 
would  have  restrained  that  of  1867,  at  least  as  far  as  the  mouth  of  the 
first  tributary  below  the  Ohio.  To  this  point,  Helena,  we  may  therefore 
turn  our  attention. 

At  Helena,  the  first  rise  culminated  about  March  14,  standing  one  foot 
above  high  water  of  1858,  and  0.8  foot  below  high  water  of  1862.  The 
river  then  subsided  about  0.3  foot,  but  again  swcSled  to  its  highest  point 
during  the  year,* on  April  1,  being  then  0.2  foot  above  the  mark  of  the 
first  rise.  In  the  next  twenty  days  it  gradually  subsided  about  five  feet, 
remained  steadily  at  this  level  for  three  weeks,  and  then  fell  rapidly. 
(See  Plate,  both  Helena  and  Friar's  Point.) 

Those  facts  strongly  confirm  the  inference  derived  firom  the  Cairo  rec- 
ords, that  the  maximum  discharge  in  1867  was  materially  less  than  in 
1858.  In  the  latter  flood  the  highest  water  was  due  to  the  immense 
wave  which  poured  through  the  St.  Francis  bottom  lands  into  the  river, 
already  swelling  with  water  from  above.  This  sudden  influx,  combined 
with  the  nearly  simultaneous  breaking  of  several  immense  crevasses 
immediately  below  Helena,  lowered  the  actual  high-water  mark  anoma- 
lously about  3.2  feet.  (See  page  406,  Physics  and  Hydraulics  of  the 
Mississippi.)  In  1867  the  records  indicate  no  such  influences.  The  St 
Francis  Kiver,  in  1858,  was  contributing  30,000  cubic  feet  per  second  of 
rain-water  to  the  Mississippi  at  the  time  when  the  great  wave,  if 
restrained  to  the  channel,  would  have  passed;  and  there  is  no  reason 
for  estimating  a  larger  supply  in  1867.  Hence,  had  no  anomalous 
influence  lowered  the  high  water  of  1858  at  this  locality,  the.river  would 
have  risen  3.2  —  1  =  say  two  feet  above  the  level  attained  in  1867.  But 
the  actual  maximum  discharge  in  1858  was  1,334,000  cubic  feet  per  sec- 
ond; two  feet  lower,  it  would  normally  be  about  1,234,000  cubic  feet 
per  second,  which  was  probably  the  maximum  discharge  in  1867.  Hence, 
for  the  volume  absorbed  in  1867  in  filling  the  bed  of  the  river  between 
Cairo  and  Helena,  and  thus  producing  the  rises  in  that  district  between 
the  dates  of  highest  water  at  the  two  localities,  we  have  1,420,000  — 
1,234^000  =  186,000  cubic  feet  per  second.  The  actually  measured  effect 
of  this  channel  influence  between  these  two  points  in  the  March  rise  of 
1858  was  140,000  cubic  feet  per  second,  (see  page  349,  Physics  and 
Hydraulics  of  the  Mississippi,)  and  as  the  general  fllling  of  the  channel 
was  much  greater  in  1867  than  in  March,  1858,  such  an  excess  ^46,000 
cubic  feet)  in  1867  is  to  be  anticipated,  as  called  for  by  the  facts  known 
respecting  the  river  in  that  flood.  In  fine,  then,  the  conclusion  reached 
from  the  Cairo  records  that  the  head  of  the  alluvial  region  received  about 
55,000  cubic  feet  per  second  less  water  at  the  date  of  maximum  discharge 
in  1867  than  at  the  same  time  in  1858,  is  surprisingly  confirmed  by  sAl 
the  facts  noted  at  Helena. 

The  next  point  where  an  accession  to  the  flood  wave  could  have 
occurred  is  Napoleon,  just  below  the  joint  mouths  of  the  Arkansas  and 
White  Eivers.  The  oscillations  at  Beulah  (see  Plate)  represent  very 
nearly  those  which  must  have  occurred  at  this  locality.  Unfortunately 
the  cut-off  which  was  made  here  in  1863,  renders  it  impossible  to  apply 
a  close  analysis  to  the  water-marks  of  the  two  floods.  It  is  a  matter  of 
record  that  there  was  a  moderate  freshet  in  both  of  the  tributaries  (par- 
ticularly in  White  Eiver)  in  March,  1867,  but  that  at  the  date  of  highest 
water  at  Kapoleon,  (April  3,)  the  current  of  the  Arkansas  was  almost 
checked  for  53  miles  above  its  mouth,  by  back-water  from  the  Mississippi. 
In  1858  the  maximum  flood  wave,  if  confined  to  the  channel,  would  have 
received  about  60,000  cubic  feet  per  second  from  these  two  tributaries, 
making  its  volume  197,000  cubic  feet  per  second  larger  than  the  actual 
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maximam  discharge.  Starting  with  55,000  cubic  feet  per  Becond  less, 
and  being  much  more  depleted  in  its  passage  by  the  necessity  of  filling 
a  comparatively  empty  channel,  the  flood  wave  of  1867,  if  confined  by 
levees,  would  have  required  immense  contributions  from  the  Arkansas 
and  White  Elvers  to  raise  its  volume  to  that  of  1858  at  Kapoleon.  Such 
contributions,  we  know  from  the  recorded  facts,  it  could  not  have  received. 
Indeed  there  is  little  doubt  that  its  maximum  'discharge  would  have 
fallen  short  of  that  of  1858.  fh>m  50,000  to  100,000  cubic  feet  per  second 
at  Napoleon.    By  no  possioility  could  it  have  equaled  that  flood. 

Vicksburg,  below  the  mouth  of  the  next  tributary,  Yazoo  Eiver,  is 
now  to  be  considered.  The  two  cut-oflfs  recently  made  in  this  vicinity, 
Terrapin  Keck  in  March,  1866,  and  the  Davis  cut  o£f  in  February,  1867, 
render  any  close  analysis  of  this  flood  by  studying  the  water-marks 
impossible.  There  are  indications  that  at  the  date  of  highest  water,  the 
Yazoo  Eiver  was  discharging  a  considerable  volume,  the  supplv  proba- 
bly consisting,  as  is  usually  tiie  case,  largely  of  water  returning  from  the 
swamps.  In  1858  the  great  flood  wave,  &  confined  to  the  channel,  would 
have  received  30,000  cubic  feet  per  second  of  rain-water  from  this  tribu- 
tary, and  the  facts  reported  do  not  lead  to  the  conclusion  that  this 
contribution  would  have  been  much,  if  any,  exceeded  in  1867.  Certainly 
any  possible  excess  would  have  fallen  far  short  of  the  amounts  required 
to  produce  an  equality  of  discharge  in  ihe  fioods. 

la  Bed  Eiver  there  was  a  considerable  flood  in  June,  and  probably  a 
moderate  rise  in  March,  due  chiefly  to  contributions  from  Washita  Eiver. 
Precise  facts,  however,  have  not  been  secured  respecting  this  tributary, 
which  is  the  last  that  enters  the  Mississippi. 

In  fine,  then,  the  information  collected  respecting  the  flood  of  1867 
renders  it  certain  that  a  thorough  levee  system,  bas^  upon  the  flood  of 
1858,  would  have  been  amply  sufficient  to  protect  the  whole  alluvial  region 
from  overflow.  At  no  point  would  the  water  have  risen  to  within  one  or  two 
feet  of  the  mark  which  would  have  been  left  by  the  flood  of  1858,  had  it 
been  strictly  confined  to  the  channel.  Yet  the  actual  water-mark  of 
1867  was,  in  general,  a  little  higher  than  that  of  1858.  This  apparent 
discrepancy  is  easily  understood  when  it  is  remembered  that  there  has 
never  yet  been  a  high-water  mark  not  lowered  by  crevasses  discharging 
into  the  swamps,  the  amount  of  the  lowering  varying  greatly  with  the 
locality  and  with  the  peculiar  conditions  of  the  flood.  The  more  perfect 
state  of  the  levees  in  1858  kept  the  swamps  comparatively  empty  early 
in  the  season,  and  thus  left  a  reservoir  which,  when  they  broke  at  date 
of  maximum  discharge,  served  to  reduce  the  high- water  mark  more  than 
was  the  case  in  1867;  the  swamps  having  been  early  filled  in  that  year. 
No  more  palpable  error  can  therefore  be  committed  than  to  attempt  to 
estimate  the  relative  difficulty  of  restraining  different  floods  to  the  chan- 
nel by  simply  comparing  their  actual  watermarks.  It  is  only  by  an 
analysis  like  the  prece£ng  that  any  well-grounded  opinion  can  be 
formed  upon  such  a  matter. 

Flood  of  1865. — Occurring  just  at  the  close  of  the  war,  no  facts  have 
been  p^^^^^ved  upon  which  to  base  a  close  analysis  of  this  flood.  The 
foregoing  table  exhibits  how  its  water-marks  compare  with  those  of  1858. 
Eising  to  a  less  level  at  Cairo  by  1.6  foot,  there  is  no  probability  that 
the  flood  of  1865  equaled  that,  or  even  the  flood  of  1867,  in  maximum 
discharge  into  the  head  of  the  alluvial  region,  upon  which,  of  course,  the 
difficulty  of  restraining  floods  primarily  depends. 

The  daily  oscillations  at  Cairo  and  at  Kew  Orleans,  the  former 
recorded  by  the  engineers  of  the  Cairo  City  Company,  and  the  latter  by 
Mr.  Bayley,  are  represented  upon  the  accompanying  plate.    They  give 
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a  good  general  idea  of  the  flood,  which  seems  to  be  remarkable  for 
duration  rather  than  for  extreme  volume  of  maximam  discharge.  Apply- 
ing the  principles  and  table  given  upon  page  133,  Physics  and  Hydraidics 
of  the  Mississippi,  to  the  New  Orleans  curve,  the  total  annual  discharge 
there  in  the  river  year,  November  1, 1864.  to  October  31, 1865,  is  found 
to  be  20,788,000,000,000  cubic  feet,  much  less  than  that  usual  in  great 
flood  years,  (about  27,000,000,000,000  of  cubic  feet.) 

The  facts  collected  respecting  the  action  of  the  chief  tributaries  are 
meager.  There  was  a  great  flood  of  the  Upper  Ohio  in  the  middle  of 
March,  which  at  and  above  Cincinnati  seems  to  have  compared  favor- 
ably with  those' of  1862  and  1867.  It  probably  received  relatively 
small  contributions  from  the  Wabash,  the  Cumberland,  and  Tennessee, 
for  at  Cairo  its  height  was  materially  less.  There  was  no  great  flood  in 
^hat  year  in  the  Upper  Mississippi  or  the  Missouri,  since  the  record  at 
Bt.  Louis  shows  that  the  river  there  hardly  rose  above  ordinary  stages 
in  any  month  except  in  the  latter  part  of  July  and  August,  when  a 
little  freshet  occurred,  causing  the  river  for  about  flve  weeks  to  average 
ten  feet  above  its  usual  stage  at  that  season.  No  records  of  any  great 
flood  in  the  Arkansas  or  THiite  Bivers  are  in  my  possession,  but  they 
are  too  defective  to  render  it  certain  that  none  occurred.  In  Upper 
Bed  Eiver  a  freshet  in  June  is  mentioned,  and  the  fact  is  recorded  that, 
at  the  mouth  of  Bayou  Tensas  the  flood  rose  1.8  foot  above  all  previous 
marks,  a  circumstance  no  doubt  explained  by  the  immense  crevasses  in 
Carroll  and  Madison  Parishes.  It  is  also  a  matter  of  record  that  Bayou 
Teche  overflowed  its  banks  in  low  places  as  far  up  as  Franklin,  and  tiiat 
the  high  water  at  Brashear  City,  on  Berwick's  Bay,  was  only  one  foot 
below  the  great  flood  of  1828.  These  facts,  due  also  to  crevasses, 
probably  explain  the  small  annual  discharge  at  New  Orleans  as  compared 
with  other  flood  years. 

In  fine,  then,  we  may  confidently  place  the  overflow  of  1866  in  the 
second  class  ox  great  floods  in  which  the  maximum  discharge,  with 
I>erfected  levees,  would  have  fallen  far  short  of  that  quantity  in  1858,  or 
even  in  1867. 

Flood  of  1862. — ^Beyond  a  doubt  this  was  one  of  the  greatest  floods 
which  ever  occurred  upon  the  Mississippi,  and  it  is  extremely  to  be 
regretted  that  the  war  raging  at  the  time  has  so  obliterated  all  records 
that  it  must  always  remain  classed  with  the  traditional  overflows  of 
1815  and  1828,  respecting  which  we  do  not  possess  the  data  to  permit 
a  close  analytical  comparison  with  the  standard  flood  of  1858.  Even 
the  able  engineers  of  the  Cairo  City  property,  whose  daily  river  records 
are  doing  so  much  for  the  proper  understanding  of  the  hydraulics  of  the 
Mississippi,  failed  to  record  the  history  of  this  flood,  only  preserving  its 
extreme  high-water  level,  ^attained  on  May  2,)  to  remain  a  standing 
subject  of  perplexing  speculation  for  future  students  of  the  river. 

We  know  that  there  was  a  very  great  flood  in  the  Ohio  Eiver  at 
Cincinnati,  and  also  in  the  Cumberland  Biver  some  time  in  the  spring 
of  1862,  and  a  destructive  overflow  in  the  Wabash  in  February.  There 
was  also  a  moderate  flood  in  the  Mississippi  at  St.  Louis,  which  began 
to  rise  on  March  12,  from  a  stand  26  feet  below  lie  city  directrix,  and 
culminated  on  April  26,  at  2.4  feet  below  that  bench.  It  then  gradually 
subsided  until,  on  June  9,  it  stood  15  feet  below  the  directrix.  It 
remained  above  and  within  two  feet  of  this  level  until  July  26,  when  it 
slowly  subsided  to  the  usual  low-water  stage,  (about  26  feet  below  the 
directrix.) 

At  Cairo  the  highest  water  occurred  on  May  2,  and  was  1.2  foot  above 
the  high  water  of  1858.    Its  date  evidently  corresponds  to  that  of  the 
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freshet  of  St.  Louis;  bnt  this  freshet,  6.7  feet  below  the  high  water  of 
1858,  could  only  have  produced  such  a  rise  at  Oairo  by  combining  with 
the  great  Ohio  flood.  How  did  these  freshets  meetf  If,  as  was  the 
case  in  1858,  they  united  so  exactly  at  Cairo  as  to  raise  the  river  uni- 
formly for  the  last  8  or  10  feet  up  to  high-water  mark  without  any 
intermediate  stand  or  slight  fall  like  that  at  Bed  Eiver  Landing  in  1851, 
or  at  Cairo  in  1867,  then  the  maximum  discharge  must  have  exceeded 
that  of  1858  by  about  50,000  cubic  feet  i>er  second.  But  even  supposing 
this  to  have  been  the  case,  it  is  very  certain  that  a  flood  5.7  feet  below 
that  of  1858  at  St.  Louis  could  not  have  risen  nearly  so  high  at  Cape 
Girardeau,  and  thence  to  Cairo;  and  hence  could  not  have  lost  the 
55,000  cubic  feet  per  second,  or  any  large  part  of  it,  into  the  St.  Francis 
bottom  lands.  Under  no  supposition,  then,  could  the  flood  of  1862  have 
discharged  a  larger  volume  into  the  head  of  the  aUnvial  region  than 
the  flood  of  1858.  If ,  as  in  1867,  there  was  a  slight  recession  at  Cairo 
just  before  the  extreme  high- water  mark  was  attained^  due  to  a  slight 
want  of  coincidence  in  the  floods  of  the  two  rivers,  it  is  probable  tbat, 
as  in  that  year,  the  maximum  volume  contributed  to  the  alluvial  region 
fell  short  of  the  discharge  in  1858  by  perhaps  50,000  cubic  feet  per 
second.  The  want  of  recorded  facts  at  Cairo  must  always  leave  this  a 
matter  of  doubt,  and  the  most  unfavorable  theory  must  therefore  be 
adopted,  namely,  that  the  two  floods  were  equal  in  maximum  discharge 
into  the  head  of  the  alluvial  region,  (1,475,000  cubic  feet  per  second.) 

Between  Cape  Girardeau  and  Napoleon,  then,  we  may  safely  consider 
that  levees  raised  to  the  grade  required  to  retain  the  flood  of  1858  would 
have  been  severely  taxed  in  1862,  but  that  they  would  have  been  suffi- 
cient. The  only  supposable  conditions  to  cause  their  failure  would  be 
that  the  flood-wave  had  found  the  lower  river  more  fuU  than  it  was  in 
1858,  which,  under  the  conditions  of  the  latter  flood,  would  be  extremely 
improbable. 

At  Napoleon  the  flood- wave  in  1862  received  a  moderate  freshet  from 
the  Arkansas,  and  probably  from  the  White  Eiver  also.  This  is 
established  not  only  by  the  records,  but  also  by  the  recorded  date  of 
high  water,  April  20.  It  is  plain  that  the  Arkansas  flood  was  the 
earlier  of  the  two;  and  very  possibly  if  the  river  had  been  confined  by 
levees,  no  dangerous  coincidence  would  have  occurred.  Li  the  condition 
of  the  records,  however,  this  must  always  remain  a  matter  of  doubt. 

It  is  believed  that  there  was  no  flood  in  the  Yazoo  or  Eed  Eivers  at 
date  of  high  water  in  1862,  (except  water  returning  froin  the  swamps,) 
but  the  records  are  too  defective  to  render  this  certain. 

In  fine,  then,  as  already  stated,  the  flood  of  1862  must  probably 
always  remain  a  source  of  anxious  perplexity  to  engineers  having  the 
direction  of  the  levee  system  of  the  Mississippi.  The  actual  high- water 
inarks  of  that  year  generally  exceed  those  of  any  other  by  several  inches, 
(see  table  already  given;)  but,  as  fully  explained  above,  this  proves 
absolutely  nothing  respecting  tne  relative  difficulty  of  restraining  these 
floods  had  the  levee  system  been  perfected  at  their  date.  In  my  judg- 
ment, the  only  conclusion  which  the  facts  will  warrant  is  that  the  two 
floods  were  essentially  equal  in  the  strain  to  which  they  would  have 
subjected  a  general  levee  system;  but  that  the  recurrence  so  soon  of  so 
dangerous  a  flood  should  decisively  forbid  any  reduction  upon  grounds 
of  economy,  of  the  dimensions  calculated  to  restrain  the  flood  of  1858. 
They  are  the  minimum  consistent  with  safety  in  the  first  class  of 
Mississippi  floods.  Fortunately  this  class  is  rare.  It  is  certain  that 
such  a  system  would  have  been  severely  tested  during  the  last  forty-five 
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years  only  in  1828,  1858,  and  1862,  or  upon  an  avera^  about  once  in 
fifteen  years. 

It  may  be  permitted,  in  this  connection,  to  invite  attention  to  the 
importance  of  preserving  hereafter  fall  records  of  the  oscillations  of  the 
Mississippi,  and  of  the  dates,  heights,  and  duration  of  the  freshets  of 
its  larger  tributaries.  Such  records  are  absolutely  indispensable  to  any 
judicious  treatment  of  the  problem  of  protecting  the  alluvial  region 
against  oveiflow. 

ESTIMATES  FOB  A  PEBFECTED  LEVEE  SYSTEM. 

It  may,  then,  be  considered  as  established  that  the  floods  which  have 
occurred  since  the  publication  of  the  Eeport  upon  the  Physics  and 
Hydraulics  of  the  Mississippi  do  not  call  for  any  modification  in  the 
theory  or  in  the  dimensions  of  the  embankments  therein  projected 
Their  height  was  determined  by  close  calculation  from  actual  measure- 
ments made  upon  the  flood  of  1858  between  Gape  Girardeau  and  the 
Gulf.  These  measurements  were  so  exaet,  so  extensive,  and  so  elaborate, 
tiiiat  the  complete  history  of  the  great  wave  which  entered  the  alluvial 
region  in  June  waB  traced  out,  determining  where,  when,  and  in  what 
quantities  the  surplus  waters  both  left  and  returned  to  the  channel 
This  enabled  a  precise  estimate  to  be  made  of  the  amount  by  which  the 
actual  measured  maximum  flood  volume,  at  any  point,  fell  below  what 
it  would  have  been  had  no  water  escaped,  while  a  most  thorough 
experimental  study  of  the  river  rendered  it  possible  to  predict,  with 
accuracy,  the  height  to  which  the  water  would  have  risen  above  the 
actual  local  high-water  marks  had  none  left  the  channel.  It  was  also 
proved,  by  extended  soundings  and  measurements,  that  the  bed  of  the 
river  cannot  be  deepened  by  any  slight  increase  in  the  velocity  of  its 
waters,  and  that  no  deposit  in  the  channel  need  be  dreaded  from  any 
slight  reduction  in  its  rate  of  measurement;  in  other  words,  that  the 
bed  is  essentially  unchanging  in  dimensions.  Elaborate  investigation 
also  established  that  by  no  other  plan  of  protection,  except  the  levee 
system,  could  the  surplus  water  in  1858  have  been  prevented  from 
devastating  the  alluvial  region.  To  accomplish  this  object,  levees,  raised 
to  the  following  heights,  were  required: 

!Near  the  mouth  of  the  Ohio  they  should  be  made  about  three  feet 
above  the  actual  high- water  level  of  1858,  which  has  been  selected  as 
the  plane  of  reference,  because  more  imvaiying  than  the  surface  of  the 
ground.  The  height  above  this  level  sliould  be  gradually  increased  to 
about  seven  feet  at  Osceola;  thence  to  Helena  the  latter  height  should 
be  maintained.  Thence  to  Island  71  the  height  should  be  gradually 
increased  to  ten  feet;  thence  to  the  vicinity  of  Kapoleon  it  may  be 
gradually  reduced  to  eight  feet;  thence  to  Lake  Providence  it  must  be 
gradually  increased  to  eleven  feetj  thence  to  the  mouth  of  the  Yazoo  it 
may  be  gradually  reduced  to  six  feet,  and  should  be  thus  maintained  to 
Bed  Biver  Landing.  Between  that  locality  and  Baton  Bouge  it  should 
be  kept  uniformly  about  four  feet;  and  below  Baton  Bouge  about  three 
feet.  The  above  estimate  is  exclusive  of  settling,  and  allows  about  a 
foot  for  possible  rise  above  the  height  necessary  for  restraining  the  flood 
of  1858. 

The  comparative  tables  of  great  floods  in  the  Beport  upon  the  Physics 
and  Hydraulics  of  the  Mississippi  and  this  report  will  render  it  easy  to 
reduce  any  well-determined  high- water  mark  to  that  of  1858,  should  the 
latter  be  lost  at  any  locality. 

The  form  of  cross-section  recommended  for  ordinary  levees  was  the 
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following :  The  width  of  the  crown  to  equal  its  height  above  the  gronnd. 
with  slopes  of  one  on  three  toward  the  river,  and  one  on  two  toward 
the  land. 

The  estimates  of  costs  were  made  by  allowing  twenty  cents  to  the 
cubic  yard  of  embankment,  the  usual  price  at  the  date  of  the  report;  at 
present  rates  forty  cents  is  more  nearly  correct,  and  in  this  respect  only 
will  the  basis  of  those  estimates  be  now  modified. 

The  only  point  not  treated  in  the  Physics  and  Hydraulics  of  the 
Mississippi,  upon  which  estimates  are  now  called  for,  is  the  project  for 
protecting  Korthem  Louisiana  against  overflow  from  the  State  of  Arkan- 
sas, by  means  of  a  guard  levee  near  the  boundary  line.  Without  new 
surveys  no  absolute  answer  can  be  given  to  this  question.  We  know, 
as  already  stated,  that  to  carry  the  present  grade  across  the  Bayou 
Tensas  bottom  lands  would  require  an  embankment  22^0  feet  long  and 
10  feet  high,  containing  about  300,000  cubic  yards.  But  the  grade  of 
levees  re^y  necessary  here  is  8  feet  higher  than  this,  calling  for  an 
embankment  containing  about  950,000  cubic  yards  ana  costing  about 
$380,000.  Moreover,  it  is  very  probable  that,  to  secure  this  increased 
height,  the  levees  would  have  to  be  extended  across  the  low  ridge  divid- 
ing Bayou  Ma90u  from  Bayou'  Boeuf,  and  also  across  the  bottom  lands 
of  that  stream ;  if  so,  the  cost  would  not  be  less  than  $1,000,000,  if, 
indeed,  the  natural  drainage  of  the  country  would  not  render  it  abso- 
lutely necesjpary  to  leave  Bayou  Ma9on  and  Bayou  Boeuf  open,  which, 
with  a  Mississippi  high-water  mark  raised  10  or  11  feet  above  that  of 
1858,  would  require  a  very  extensive  system  of  levees  along  these  bayous. 
Hence,  so  far  as  the  surveys  at  hand  authorize  any  definite  opinion,  we 
must  conclude  that  this  plan  for  protecting  Louisiana  will  probably 
involve  an  outlay  of  at  least  $2,000,000,  even  if  it  should  prove  to  be 
practicable  at  all.  One  important  point  should  not  be  overlooked,  namely, 
whether,  in  connection  with  the  guard  levee  and  the  bayous,  a  flood  out- 
let, having  a  capacity  of  about  100,000  cubic  feet  per  second,  might  not 
be  practicable  and  safe.  Such  an  outlet  would  lower  the  high- water 
mark  of  the  Mississippi  between  two  and  three  feet  along  the  Tensas  and 
Lower  Yazoo  fronts,  and  would  thus  materially  reduce  the  cost  of  levees 
in  this,  the  most  difficult  portion  of  the  river.  The  natural  capacity  of 
the  bayous  below  Lake  Providence  would  permit  such  a  volume  to  pass 
off  without  much  damage  to  the  plantations  on  their  banks ;  but  before 
the  project  should  be  attempted,  extensive  surveys  ought  to  be  made, 
and  many  borings,  to  decide  whether  the  substrata  of  clay  are  thick 
enough  to  warrant  a  belief  that  the  outlet  might  not  unduly  enlarge 
its  capacity.  The  recent  experience  with  the  rapidly  increasing  cut  at 
Providence  does  not  seem  to  favor  the  project  which,  under  any  circum- 
stances, would  be  very  costly,  beside  being  somewhat  dangerous  to  the 
Black  River  country  in  case  of  a  coincidence  of  large  floods  in  the  Mis- 
sissippi and  Bed  Bivers. 

One  other  district  deserves  special  attention  in  making  estimates 
for  a  perfected  system  of  levees — ^the  St.  Francis  Bottom.  As  already 
stated,  this  region  is  peculiarly  difficult  to  reclaim,  because,  although  a 
unit  geographically,  it  comes  under  the  jurisdiction  of  two  States: 
because  the  violent  oscillations  of  the  Mississippi  along  its  front  and 
their  frequent  recurrence,  with  the  consequent  rapidity  of  current,  cause 
the  river  to  erode  its  oanks  at  an  alarming  rate;  and  because  an 
unlucky  system  of  swamp  ridges  diverts  water  at  several  i)oints  back  in 
to  the  stream  instead  of  allowing  it  to  collect  and  return  through  the 
channel  of  the  St.  Francis  Biver.  To  securely  protect  such  a  district 
requires  strict  attention  to  four  points :  1st.  To  locate  the  main  levee  on 
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swamp  ridges  out  of  tbe  reach  of  caving  bends — say  at  least  1.5  mfles 
from  the  fundus  of  each  and  all  of  them.  2d.  To  begin  its  constmction 
at  the  north  and  extend  south,  and  not  the  reverse,  lest  the  work  be 
destroyed  before  completed.  3a.  To  consider  the  local  drainage  of  the 
back  country,  and  to  cut  through  such  ridges  as  would  cause  rain-water 
lakes  to  be  formed  by  the  levee.  4th.  To  adopt  a  sufficient  grade  for 
the  levee  at  first,  and  to  carefully  study  the  subject  as  the  work  pro- 
gresses, with  a  view  to  modification,  if  necessary. 

A  levee  thus  made  would  reclaim  about  3,000,000  acres  of  the  best  com 
and  cotton  land  in  the  world,  capable  of  raising  sixty  bushels  of  the 
former  or  a  bale  of  the  latter  to  the  acre,  year  after  year  without  becom- 
ing exhausted.  Its  location  would  throw  out  much  valuable  land  on  the 
river  bank,  but  this  is  a  small  consideration  compared  with  the  security 
of  the  back  country.  Local  levees  might  be  added  at  favorable  points 
for  local  interests. 

Since  the  war,  a  project  has  been  started  to  combine  levee  and  rail- 
road in  constructing  an  embankment,  and  thus  to  accomplish  two  results 
with  one  outlay.  The  projected  route  starts  from  the  mouth  of  the  St. 
Francis  River,  near  Helena,  follows  the  general  route  of  the  Mississippi, 
avoiding  the  bends,  as  far  as  !New  Madrid }  here  leaves  the  river  and 
follows  Big  Prairie,  a  ridge  above  overflow,  north,  to  connect  with  the 
Iron  Mountian  railroad  of  Missouri.  Its  emoankment,  if  properly  made 
and  located^  would  effectually  protect  more  than  three-f«rths  of  the 
entire  distnct.  The  railroad  company  would  be  the  best  possible 
guard  for  the  levee,  as  they  would  be  compelled  to  keep  it  always  in 
repair.  Branch  roads  would  furnish  ready  transportation  for  crops  to 
Memphis  or  St.  Louis  throughout  the  whole  bottom^  and  finaDy,  the 
levee,  being  put  to  a  useful  purpose,  in  addition  to  its  usual  passive 
work  of  protection,  could  be  made  more  thoroughly  at  less  cost. 

The  surveys  made  by  the  Memphis  and  St.  Louis  Railroad  Company 
were  not  elaborate,  but  they  served  to  show  that  the  length  of  the  line 
from  the  mouth  oi  St.  Francis  River  to  Few  Madrid,  the  only  portion 
liable  to  overflow,  was  170  miles,  and  that  for  about  half  of  the  distance 

Sthe  only  profile  presented)  the  local  high- water  marks  were  about  5.6 
feet  above  the  ground.  This  would  call  for  an  embankment  about  17 
feet  high,  12  feet  wide  on  top,  with  slopes  of  one  on  three  and  one  on 
two;  contents  30,900,000  cubic  yards;  cost  $12,360,000,  or  about  $73,000 
per  mile.  This  amount  is  small  compared  with  the  railroad  outlay  diten 
required  in  mountainous  districts,  and  as  the  project  is  greatly  superior 
to  that  of  levees  built  along  the  river  bank,  upon  which  the  estimates  in 
the  Physics  and  HydrauUcs  of  the  Mississippi  were  based,  it  will  be 
adopted  here  as  the  best  method  of  offering  permanent  protection  to  the 
swamp  lands  of  the  St.  Francis  district  lying  in  Arkansas.  Incidentally, 
a  large  extent  of  these  lands  belonging  to  Missouri  would  also  be  pro- 
tected by  the  embankment. 

The  following  table  is  partly  a  recapitulation  of  estimates  already 
given,  and  is  partly  deduced  from  the  table  on  page  420,  Physics  and 
Hydraulics  of  the  Mississippi,  allowances  being  made  for  the  deteriora- 
tion of  existing  levees  since  the  date  of  that  report,  and  the  cost  x>^ 
cubic  yard  of  embankment  being  taken  at  40  cents  instead  of  20  cents. 
The  column  "  for  perfecting  existing  levees  to  present  height"  is  given 
because,  as  they  now  stand  throughout  the  greater  part  of  the  valley, 
they  encourage  delusive  hopes  of  protection.  Whenever  the  river  rises 
three  feet  above  its  natural  banks,  disastrous  crevasses  are  sure  to  occur; 
and  if  every  break  upon  the  river  were  now  closed,  any  flood  worthy  of 
the  name  would  be  certain  to  open  new  ones  in  sufficient  numbers  to 
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devaetate  large  areas  of  the  allarial  lands,  la  other  vorda,  existing 
levees  are  as  defective  in  eross-aection  as  in  height,  and  the  cost  of  snffl- 
ciently  strengthening  them  to  resist  the  pressure  of  the  floods  would  be  a 
necessary  outlay,  even  if  the  flood  volume,  when  restrained  to  the  river, 
should  not  rise  above  its  present  level.  Some  of  the  more  recent 
embankments,  and  especially  the  levees  of  the  State  of  Mississippi 
constructed  under  the  direction  of  Mr.  Meriwether  as  chief  engineer, 
are  not  liable  to  this  criticism. 

CtmtolUaled  lam  wHnalw. 


Pi 
It 

«m,oN 
two,  000 
aso,ooo 

$1,730,000 

l.«S0,009 

3,780,000 

•""-^ 

1,300,000 

1,500,000 

4,130.000 

«<^ 

TOO.  000 
1,000;  000 

1.600,000 

1.850.000 

91,910,000 

4.  ISO,  000 

0,940,000 

The  levees  contemplated  in  these  estimates  are  large — much  larger 
than  residents  of  t^e  alluvial  lands  in  general  anticipate ;  bat  in  the 
language  of  the  report  of  1866.  they  woidd  not,  when  greatest,  exceed 
in  magnitude  those  on  the  right  branch  of  the  Rhine  below  Amheim, 
which  protect  the  most  fertile  parii  of  Holland.  These  levees  are  exposed 
at  high  water  to  as  strong  a  current  as  that  of  the  Mississippi  in  flood, 
and  also  to  the  destructive  effects  of  ice.  Bat  the  occurrence  of  crevasses, 
sach  as  take  place  with  every  great  flood  of  the  Mississippi,  are  there 
oukDOwn.  Should  they  happen,  the  rain  of  a  large  part  of  the  most 
productive  portion  of  Holland  woald  follow,  as  extensive  tracts  protected 
by  the  levees  are  lower  than  the  surface  of  the  sea,  and  theii  reclamation 
from  overflow  could  only  be  effected  by  a  drainage  similar  to  that  which 
has  been  applied  to  the  lake  of  Harlem.  The  supervision,  watching  and 
repair  of  these  levees  is  costly,  but  effective  and  remunerative.  The 
levees  of  the  Mississippi,  as  now  existing,  are  trifling  compared  to  the 
interests  they  protect,  and  to  the  levees  of  the  delta  rivers  of  Europe — 
the  Po,  the  Bhine,  and  the  Vistula,  * 

The  cost  of  the  Mississippi  levees,  as  indicated  in  the  foregoing  table, 
would  not  be  trifling,  but  it  should  be  remembered  that  the  figures  ara 
based  upon  present  inflated  prices.  The  project  can  lutrdly  be  conudered 
as  beyond  the  limits  of  jadioioos  iavestment,  whea  it  is  remem- 
bered that  the  amount  actually  expended  upon  the  Brie  Canat  ezoeeds 
(33,000,000,  and  this,  too,  mostiy  paid  in  gold.    A  al^ht  idea  of  the  profits 
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which  may  be  anticipated,  as  compared  with  the  necessary  outlay,  can 
be  formed  from  the  following  facts.  The  total  area  of  the  bottom  lands 
is  about  32,000  square  miles,  of  which  a  mere  narrow  strip  along  the 
main  stream  and  its  principal  tributaries  and  bayous  has  been  hereto- 
fore opened  to  cultivation.  Protected  against  the  river  and  proi>erly 
drained  this  would  render  available  at  least  2,500,000  acres  of  sugar 
land,  or  more  than  double  the  amount  heretofore  planted ;  about  7,000,000 
acres  of  the  best  cotton  land  in  the  world,  capable  of  yielding  a 
bale  to  the  acre^  and  not  less  than  1,000,000  acres  of  com  land  of 
unsurpassed  and  inexhaustible  fertility.  An  expenditure  of  about  $300 
to  the  acre  (present  prices)  of  land  actually  made  cultivable  by  the 
levees  would  thus  be  sufficient  to  reclaim  them  from  overflow.  Supposmg 
the  cotton  lands  alone  to  be  under  cultivation,  a  tax  of  one  cent  a  poand 
for  one  crop  would  nearly  pay  the  cost  of  the  levees  for  the  entire 
valley. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

HENRY  L.  ABBOT, 
Major  ofUngineers  and  Brevet  Brigadier  OenerdL 

Mbjot  General  A.  A.  Humphreys, 

Commanding  Corps  of  Engineers. 


Appbndel 

As  the  three  floods  of  1862, 1865,  and  1867  will  no  doubt  often  be 
studied  and  discussed  hereafter,  I  have  thought  it  advisable  to  append  a 
brief  abstract  of  the  most  important  facts  collected  respecting  each  of 
the  main  tributaries,  beginning  near  their  sources  and  proceeding  in 
regular  geographical  order  toward  their  mouths. 

OHIO  BIYEB. 

Pittsburg. — ^The  ice  broke  up  on  February  3,  1867,  causing  river  to 
rise  and  immediately  to  fall  eight  feet.  The  next  freshet  began  to  rise 
rapidly  on  February  14.  By  February  15,  it  stood  twenty-two  feet  by  the 
Alleghany  pier-mark  and  began  falling.  The  largest  freshet  of  the  year 
attained  its  height,  22.3  feet  by  the  Alleghany  pier-mark,  on  March  13, 
and  then  rapidly  fell.  It  was  ten  feet  below  high  water  of  1832,  and  eight 
feet  below  that  of  1865,  which  was  highest  on  March  18,  and  chiefly 
due  to  an  Alleghany  freshet. 

Rochester^  (26  miles  below  Pittsburg.) — ^The  freshet  of  February  15, 
1867,  was  higher  by  six  inches  than  that  of  March  12, 1867,  being  28.5 
feet  in  channel.  It  was  13.5  feet  below  high  water  of  1832 ;  10.5  feet 
below  that  of  1852,  and  7.5  feet  below  that  of  March  18, 1865,  which  was 
precisely  equal  to  the  1860  and  1861  freshets. 

Marietta^  (171  miles  below  Pittsburg.) — ^River  began  rising  slowly  on 
February  9, 1867 ;  attained  highest  point,  35  feet  above  low  water,  on 
February  17  and  18 ;  feU  slowly ;  began  rising  on  March  9,  and  culminated 
on  Mkrch  13  and  14,  at  a  i)oint  twenty-eight  feet  above  low  water ;  then 
slowly  receded.    Downfall  in  February,  1.8  inch ;  in  March,  5.3  inches. 

Parkersburg^  (183  miles  below  Pittsburg.) — ^River  began  rising  on 
February  13,  1867 ;  was  highest — ^thirty-six  feet  above  low  water — on 
February  17  and  18;  fell  slowly.  Its  high-water  mark  was  2.5  feet 
below  that  of  1865. 

Cincinnati^  (466  miles  below  Pittsburg.)— The  duration  of  the  flood  of 
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1867  was  vmprecedented.  For  thirty-two  consecutive  days  (February 
16  to  March  19)  the  mean  channel  depth  was  51.3  feet,  the  greatest 
depth  being  55.8  feet  on  February  22,  and  57.3  feet  on  March  14  and  15, 
and  the  least  depth  being  44.6  feet  on  March  2  and  3.  The  March  rise 
was  0.6  foot  below  high  water  of  1865,  and  1.3  foot  below  that  of  1862. 
Immense  local  rains  daring  flood  of  1867. 

Louisville^  (618  miles  below  Pittsburg.)— The  rise  of  February  22, 1867, 
was  eight  feet,  and  that  of  March  15,  2.8  feet  below  the  high  water  of 
1832.  The  March  rise  was  a  little  below  the  high  water  of  1847.  For 
five  months  snows  and  rains  had  been  excessive,  the  downfall  being 
estimated  at  three  times  the  usual  amount. 

Wabash  River. — ^lu  1867  there  was  only  one  important  rise,  which 
occurred  in  February.  At  Eugene,  Indiana,  (three  hundred  and  fifty 
miles  above  mouth,)  by  exact  marks  the  high  water  of  1858  was  the 
highest  on  record,  being  twenty-eight  feet  above  low  water.  It  was  one 
foot  above  the  high  water  of  1828  and  1844,  four  feet  above  that  of  1851, 
and  two  feet  above  that  of  1867.  In  latter  years  the  river  remained 
bank-full  from  the  latter  part  of  February  until  the  middle  of  May; 
snows  during  winter  and  rains  in  March  being  excessive.  In  1862  the 
high  water  occurred  in  February,  and  was  very  destructive.  During 
the  thirty-four  years  between  1833  and  1866  six  crops  have  been  lost 
from  overflow.  At  Terre  Haute  the  high  water  of  1867  was  1.3  foot 
below  the  high  water  of  1858,  the  highest  on  record,  culminating  on 
February  21  with  river  25.3  feet  above  low  water.  The  rise  began  on 
February  9.  At  Vincennes  the  river  was  out  of  its  banks  from  February 
19  to  March  2,  inclusive,  being  highest  on  February  22  and  23,  when  it 
was  0.5  foot  higher  than  ever  known  before,  (twenty-five  feet  above  low 
water.)    Snows  and  rains  had  prevailed  during  the  winter. 

Caseyville.  Kentucky. — ^In  1867  the  river  began  rising  on  February  1, 
and  reached  highest  point  on  March  1,  being  then  0.5  foot  above  Mgh 
water  of  1832,  and  4.1  feet  above  high  water  of  1847.  The  second  rise 
culminated  about  March  16,  and  was  0.4  foot  below  the  first,  the  fall 
betwefen  the  two  rises  being  about  three  feet;  downfall  during  the  win- 
ter was  without  precedent. 

Cumberland  River. — At  Carthage  the  high  water  of  1867  was  seven 
feet  below  that  of  1826,  four  feet  below  1847,  and  one  foot  below  1862 ; 
and  was  forty  feet  above  low  water.  The  rise  began  on  February  25. 
culminated  on  March  9-12,  subsided  eight  feet,  but  again  swellea 
until  March  25  or  26,  when  it  finally  fell.  At  Nashville  the  flood  was  0.8 
foot  below  the  high  water  of  1847  on  March  13.  On  Harpeth  Shoals, 
thirty  miles  below,  where  extreme  low  water  gives  a  depth  of  only  thir- 
teen inches,  this  flood  stood  sixty-four  feet.  The  rise  there  began  on 
February  28,  the  water  standing  nineteen  feet.  It  culminated  on  March 
13.  After  March  16,  the  river  fell  very  rapidly,  with  no  second  swell. 
It  was  over  banks  (above  about  fifty-five  on  shoals)  from  March  8  to 
March  16,  inclusive,  indicating  a  flood  of  unusually  long  duration.  At 
EddyviUe  the  flood  was  1.2  foot  above  high  water  of  1847  on  March  18, 
the  highest  floods  previously  on  record  there. 

Tennessee  iZttjer.— The  flood  of  1867  far  exceeded  all  precedents  for  the 
past  ninety  years.  It  consisted  of  one  great  rise  due  to  furious  rain 
storms  which  covered  ite  entire  valley,  particular^  the  mountain  region. 
At  Kingsport,  on  the  Holston,  rain  fell  nearly  continuously  from  Feb- 
ruary 28  to  March  7.  At  noon  of  March  7  the  river  attained  its  highest 
point,  being  thirty  feet  above  low  water  and  four  feet  above  any  other 
flood.  In  twenty  hours  it  fell  ten  feet.  At  Strawberry  Plains  the  freshet 
rose  fifty-two  feet  above  low  water,  and  eleven  feet  above  any  other  flood. 
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At  Bjioxville  the  river  rose  twelve  feet  above  high-water  mark  of  1847, 
and  was  over  fifty  feet  deep.  Kear  Harrison,  the  Tennessee  rose  fifte^i 
feet  above  any  known  water  mark.  At  Chattanooga  the  rise  began  on 
March  4,  overflowed  banks  on  March  8,  and  attained  height  on  March  11, 
being  fifty-three  feet  above  low  water  and  15.5  feet  above  the  high  water 
of  1847,  the  highest  on  rexjord.  The  rivef  fell  with  equal  rapidity  to 
usual  level.  Bains  were  incessant  for  four  days  before  highest  watc^ . 
At  Bridgeport,  Alabama,  the  flood  reached  its  maximum,  11.5  feet  above 
all  former  marks,  late  on  March  12.  At  Bellefonte,  Alabama,  rise  began 
on  March  5,  and  was  highest  on  March  13,  when  it  was  9.1  feet  above 
high  water  of  1847.  At  Decatur,  the  fireshet  culminated  on  March  16, 
being  six  or  seven  feet  above  any  other  flood;  it  remained  stationary 
fof  two  days.  At  Florence^  Alabama,  the  freshet  began  on  March  1^ 
culminated  on  March  15,  falhng  very  slowly  for  three  days.  It  stood  sax 
feet  above  all  other  floods.  At  Eastport  it  stood  seven  feet  above  any 
known  flood.  At  Johnsonville  the  flood  culminated  on  March  22,  being 
3.8  feet  above  all  previous  water  marks,  and  44.8  feet  above  ordinary  low 
water;  by  April  1,  it  had  returned  within  banks.  At  Paducah  the  rise 
culminated  on  March  21.  The  destruction  of  property  and  life  occasioned 
by  this  flood  was  beyond  parallel  in  the  history  of  the  Tennessee  Valley. 

Metropolis.  (40  miles  above  Cairo.) — The  February  rise  of  1867  was  1.5 
foot  below  high  water  of  1847.  The  river  remained  nearly  stationary 
until  March  8,  when  it  began  to  swell;  it  culminated  on  March  20  at  a 
point  above  all  previous  water  marks,  being  three  feet  above  high  water 
of  1805,  and  4.4  above  that  of  1847.    The  fall  was  rapid. 

Mound  Cityy  (6  miles  above  Cairo.) — The  flood  of  1867  rose  0.9  foot 
above  high  water  of  1862. 

UPPEB  MISSISSIPPI  BIVEB. 

Fort  Ripley. — ^No  rain  fell  between  November  2^^  1866,  and  April  13, 
1867;  no  spring  rise  in  1867. 

Winona. — There  were  not  twelve  hours  of  rain  between  January  6  and 
April  13, 1867;  no  early  spring  rise,  the  river  being  frozen  in  March. 
The  highest  points  reached  between  October  4, 1866,  and  April  22,  1867, 
were  on  December  24,  when  the  river  was  ^.Q  feet  above  low  water,  and 
on  April  22, 1867,  when  it  was  9.4  above  low  water  and  rising.  The 
total  range  here  is  about  14  feet. 

ILLINOIS  BIVEB. 

At  La  Salle,  eighteen  inches  of  rain  fell  between  February  5  and 
June  3, 1867.  A  freshet,  rising  within  one  foot  of  top  of  levees,  calmi- 
nated  on  February  17, 1867,  being  twenty-six  feet  above  the  low  stiuid 
of  February  3;  the  river  remained  high,  but  oscillating,  until  June  3, 
(date  of  letter,}  the  lowest  point  being  about  seven  feet  above  low  water 
on  May  19. 

MISSOTJBI  BIVES. 

Fort  Randall. — ^The  river  remained  frozen  until  April  9, 1867,  being 
at  low- water  mark,  or  about  Ave  feet  deep.  It  began  rising  on  April  12, 
and  on  April  17-19  it  was  bank  full,  but  it  fell  at  once  to  usual  summer 
level.  (The  freshet  did  no  damage.)  No  local  rains  fell  for  the  five 
months  ending  April  16. 

Niobrara. — ^In  March,  1867,  about  2.6  feet  of  snow  fell,  and  on  April 
17  about  three  inches  of  rain.    On  April  1  the  river  was  at  usual  sum- 
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mer  level,  but  a  sadden  and  excessive  (ten  feet)  freshet  in  the  Niobrara 
raised  it  rapidly.  Combined  with  the  rise  above,  this  freshet  raised  the 
Missouri  on  April  18  to  a  point  1.5  foot  below  the  high  water  of  1858, 
and  two  feet  below  the  high  water  of  1866,  the  highest  recorded  flood, 

Omaha. — Ice  broke  up  on  April  7,  1867,  the  river  being  very  low. 
The  melting  snows  caused  it  to  rise  rapidly  until,  on  April  23,  it  stood 
18.8  feet  above  extreme  low- water  mark,  (1863.)  It  was  1.9  foot  above 
high  water  of  1866,  and  0.1  foot  above  that  of  1844.  By  April  30  it  had 
receded  within  banks,  a  fall  of  about  seven  feet.  The  levees  were  com- 
pletely overflowed. 

South  Platte  Biver. — ^At  Fort  Sedgwick  much  snow  fell  in  March,  1867. 
The  mean  temperature  was  very  cold;  and  the  riv^  there,  about  half  a 
mile  mide  and  two  feet  deep  at  low  water,  was  Irozeu  solid.  The  ice 
broke  up  on  April  8  with  a  little  freshet. 

8L  Joseph. — ^The  ice  broke  up  on  February  13, 1867,  causing  a  little 
rise  of  five  feet,  due  to  melting  snow  and  ice  gorges.  The  highest  stand 
in  February  or  March  was  twelve  feet  within  banks. 

Leavenworth, — ^The  Missouii  was  very  low  during  March,  1867.    Quite 

.  a  freshet  occurred  between  April  10  and  May  9,  the  river  being  at  these 

dates  5.5  feet  above  low- water  mark.    At  its  height,  on  April  27  and  28, 

it  stood  18.6  feet  above  low  water,  and  0.7  foot  above  the  mark  of  April, 

1866.    Ko  damage  was  done  by  freshets  locally. 

ABKANSAS  BIVEB. 

Fwrt  Smith. — ^The  high  water  of  June,  1866,  was  3.8  feet  above  that  of 
1862,  and  two  feet  above  that  of  1867. 

Little  Bock. — ^There  were  he^vy  rains  and  snows  in  March,  1867,  which, 
however,  flooded  the  White,  Little  Bed,  Washita,  and  Sabine  Eivers, 
heading  near  the  Arkansas,  more  than  they  did  that  river  itself.  Before 
the  storms  occurred  the  latter  river  was  about  three  feet  above  low  water ; 
in  two  days  after  the  rains  began  the  river  commenced  to  rise  so  rapidly 
that  in  about  three  days  it  rose  twenty-flve  feet,  to  its  highest  point, 
which  was  six  feet  below  high  water  of  1833,  and  1.1  foot  below  that  o% 
August,  1866.  The  river  rapidly  subsided,  doing  littiie  damage  above  the 
influence  of  back-water  from  the  Mississippi. 

Pine  Bluffs. — ^In  1867  the  river  did  not  reach  the  top  of  its  banks  by 
some  feet.  The  flood  of  1833  is  the  greatest  recorded.  Next  to  it  is  that 
of  1844,  which  was  occasioned  by  a  general  freshet  in  all  the  tributaries. 
The  river  began  rising  late  in  March;  on  May  8  and  May  20  it  reached 
the  mark  of  1833;  about  July  1  it  retired  within  banks;  on  August. 
10  it  attained  low- water  level.  The  construction  of  levees  on  the  lower 
Arkansas,  since  1844,  has  affected  the  relative  heights  of  later  floods. 

Reokatoo  Plantation^  (15  miles  above  South  Bend.) — ^In  1862  there  was 
no  great  flood  in  the  Arkansas  river  itself.  In  1867  the  waters  rose  0.3 
foot  above  high  water  of  1866,  which  reached  a  higher  point  than  any 
other  flood  since  1844.  There  were  several  crevasses  near  and  below 
this  plantation  in  1867. 

South  Bend. — ^The  date  of  highest  water  in  1867  was  June  7.  About 
four  miles  of  gaps  in  Arkansas  Biver  levees  in  vicinity.  A  moderate 
flood  in  Arkansas  Biver  at  date  of  high  water  in  1862. 

BED  BIVEB. 

Out^ff  Landingj(neisj:\y  west  of  Lewisville,  Arkansas.) — ^There  was  an 
oveiAow  in  May  and  June,  1867,  damaging  about  thiee-fourths  of  crops. 
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The  highest  water  was  about  0.3  foot  above  high  water  in  June,  1865, 
and  April,  1866.  * 

Skreveport  to  Alexandria. — On  June  22, 1867,  the  river  was  falling  £Bist. 
The  flood  had  caused  very  considerable  damage  in  this  region. 


Appendix  K . 


XJ.  S.  ENaiNEEB  Office,  Ohio  Biveb  Impbovement, 

Pittsburgj  Pennsylva/niaj  August  5, 1869. 

Oenebal  :  In  obedience  to  instructions  contained  in  circular  of  the 
Engineer  Department,  dated  June  12, 1869, 1  respectfully  present  the 
following  annual  report  upon  the  surveys  and  works  temporarily  under 
your  charge  for  the  improvement  of  the  Ohio  Biver,  for  the  ^acsA  year 
ending  June  30, 1869 : 

SUB  VETS, 

At  the  date  of  the  last  annual  report,  (September  15, 1868,)  no  reports 
had  been  received  from  the  engineering  parties  under  Sigismund  Ldw, 
assistant  United  States  civil  engineer,  and  Goorge  Barrett,  assistant 
United  States  civil  engineer,  engaged  upon  the  surveys  of  those  portions 
of  the  river  below  Louisville  left  from  1867.  The  upper  party,  under 
Mr.  Barrett,  resumed  the  survey  in  the  latter  part  of  July,  1867,  where 
it  had  been  suspended  by  Mr.  James  £.  Day,  in  the  fall  of  1867.  at 
Cloverport,  Kentucky,  705  miles  below  Pittsburg,  and  108  miles  below 
Louisville.  Mr.  Barrett's  party  reached  Evansville,  783  miles  from  Pitts- 
burg, September  23, 1868.  From  Evansville^  Mr.  Barrett  was  ordered 
to  pass  over  Mr.  Ldw's  district,  and  resume  his  survey  at  Hillerman,  939 
miles  below  Pittsburg.  By  the  2l8t  of  October,  the  shore  line  was  com- 
pleted to  Cairo,  mouth  of  the  Ohio  Biver,  967  miles  below  Pitt«burg. 
Mr.  Barrett  remained  with  a  reduced  party  to  take  soundings  at  the 
Grand  Chain,  which  he  had  been  prevented  from  doing  on  account  of 
the  high  stage  of  water.  The  operations  of  his  party  in  the  field  were 
closed  November  7, 1868.  The  entire  distance  surveyed  by  Mr.  Barrett 
was  106  miles.  Owing  to  the  high  water,  the  party  was  unable  to  take 
soundings  between  French  Island  and  Evansville,  a  distance  of  23  miles. 
The  season  was  also  unfavorable  throughout  for  arriving  at  the  correct 
low-water  fall  at  the  several  ripples,  their  level  line  showing  for  long 
distances  only  the  average  slope  of  the  river.  The  party  under  Mr.  Low 
began  their  field  work  July  28, 1868,  where  they  had  quit  in  1867,  at 
Slim  Island,  42.4  miles  below  Evansville.  The  psuiy  reached  Hillerman, 
where  Mr.  JBarrett  had  resumed,  October  8.  The  whole  distance  sur- 
veyed by  Mr.  LSw's  party  in  1868  was  114.4  miles.  Mr.  Low's  party 
experienced  much  sickness  during  August  and  September,  particularly 
in  the  region  of  the  mouth  of  the  Wabash  Biver ;  at  one  time  eleven  out 
of  seventeen  were  laid  up  with  the  fever  and  ague.  Both  in  Mr.  Low^s  and 
Mr.  Barrett's  parties  the  sickness  caused  considerable  detoption,  the 
assistants  being  unable  to  work  up  their  maps  until  some  time  after  their 
return  to  Pittsburg.  Mr.  L5w  was  prevented  by  the  high  water  from 
taking  soundings  between  Smithland,  mouth  of  the  Cumberland  Biver, 
and  Hillerman,  a  distance  of  31  miles. 

The  surveys  of  the  Ohio  Biver  were  begun  under  Captain,  afterwards 
Ms^or  John  Sanders,  United  States  Corps  of  Engineers,  in  1836,  and  con- 
tinued by  him  through  1837  and  1838.  Besumed  in  1844  by  Mr.  Fuller, 
of  the  Engineer  Bureau,  who  surveyed  37  miles;  making  271  miles  com- 
pleted at  the  close  of  1844.    The  surveys  were  again  resumed  by  Mr. 
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Boberts  in  1867,  and  completed,  with  the  exception  of  some  soundings 
as  mentioned  above,  l^ovember  7, 1808. 

During:  the  year  the  engineering  party  under  my  charge,  with  Captain 
George  W.  Eowley,  consulting  pilot  of  the  engineer  steamer  Tidioute,  in 
addition  to  their  duties  of  superintending  the  construction  of  riprap  dams, 
dredging,  &c.,  made  a  number  of  special  surveys  and  reports.  lu  Au- 
gust, 1808,  the  Tidioute  went  as  far  down  as  Louisville,  having  all  the 
charts  along,  and  many  places  which  had  been  omitted  on  account  of 
high  water  were  sounded  over  thoroughly.  Accurate  surveys  of  Wheel- 
ing and  Marietta  Island  were  made  in  the  fall  of  1808,  by  this  party, 
and  during  this  season  a  survey  of  Grandview  Shoals  and  Sheet's  Ripple 
was  made ;  all  points  where  work  is  at  present  in  progress.  One  of  the 
immediate  results  of  the  survey  of  the  Ohio  was  a  correction  of  the  dis- 
tances along  the  river.  Heretofore  various  and  conflicting  estimates 
were  employed  by  the  pilots,  giving  rise  to  considerable  trouble  and  con- 
fusion. A  table  of  distances  was  furnished  for  publication  to  the  papers 
in  Pittsburg  and  Cincinnati,  so  that  now  it  is  presumed  all  river-men 
are  furnished  with  a  reliable  table.  The  office  work  upon  the  maps  was 
so  much  delayed  by  sickness  and  absence  of  the  assistants  who  made 
the  surveys,  that  it  was  not  until  recently  that  the  draughtsmen  in  the 
office  completed  the  details  upon  them.  There  are  118  charts,  beginning 
at  Pittsburg,  32  of  them  surveyed  by  Captain  Sanders  and  Mr.  Fuller, 
embracing  a  distance  of  271  miles.  The  entire  length  of  the  river  being 
907  miles  from  Pittsburg  to  Cairo,  these  charts  represent,  on  an  average, 
each  eight  and  one-flfth  miles  of  the  river,  drawn  to  a  scale  of  1,000 
feet  to  the  inch. 

The  department  has  authorized  further  local  surveys,  principally 
soundings  and  leveling,  to  be  done,  to  fill  out  the  maps  and  profiles  prior 
,to  a  thorough  report  upon  the  surveys  being  made. 

WORK  ON  THE  RIVER  RIPRAP  DAMS  AND  DREDGINa. 

In  the  last  annual  report  was  presented  a  table  exhibiting  the  amounts 
paid  up  to  June,  1808,  at  nine  points,  being  the  flrst  points  advertised 
for  improvement  at  the  commencement  of  our  operations.  The  follow- 
ing table  exhibits  the  quantity  of  work  done  at  such  of  (hose  points 
wMcfa  were  not  finished,  and  the  amount  of  work  done  on  supplementary 
contracts,  from  June,  1808,  to  July,  1809. 

Table  exkibiHng  the  amownt  expended  on  teorka  aUmg  the  Ohio  lUverfrom  JuTie,  1868,  to  July 

1869,  inclusive. 


So. 

Miles  finnn 

Pittaborg. 

1 

3 

8 

11 

S 

11 

3 

14 

4 

18 

5 

27 

5 

27 

6 

85 

7 

90 

8 

107 

9 

143 

10 

144 

11 

167 

IS 

174 

13 

185 

14 

909 

15 

914 

Place. 

i 

Bmnot's  Island 

White's  Ripple J 

White's  Ripple,  (dredging) 

Beadman's 

Logstown  Bar 

Beaver  Shoals 

Beaver  Shoals 

Twin  Island 

Wheeling 

Captina  laluid 

Grandview 

Sheet's  Ripple 

Marietta 

Muskingnm 

Blennerbassett's 

BelleviUe  Island 

Boffington • 


Contractors. 


23 


B.  L.  Wood,jr.. 
Ronth  &  Watts 
Swan  Si,  Fenton 

B.L.Wood 

RL.Wood 

Ronth  A  Lane  . 

KL.  Wood 

James  Bradley. 

T.  J.  Power 

Ronth  &  Watts 
Myers  &  Kenr. . 
James  Bradley. 

CM.  Cole 

Routh  &  Watts 

CM.  Cole 

CM.  Cole 

CM  Cole 

Henry  Baker. . . 


Amount 
paid. 


r799  0O 
3,238  00 
3,645  00 
9,070  00 
3,400  00 
5,200  95 
6, 131  00 
1,620  00 
9,493  00 
9,812  50 
380  70 
4,953  00 
4,567  00 
11,250  00 
6,004  64 
2,553  07 
1,111  50 
4,374  00 
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Whites  Ripple,  (11  miles  from  Pittsburg.) — ^In  last  annual  report  a 
detailed  statement  of  the  condition  of  the  dams  at  this  plaee  was  made; 
the  construction  of  the  cross-dam  and  some  dredging  to  widen  the  tow- 
boat  channel  was  at  the  same  time  recommended.  The  contracts  bare 
since  been  made,  but  owing  to  the  remarkably  high  water  this  spring  but 
little  work  has  been  accomplished  beyond  quarrying  the  stone.  Daring 
the  fall  of  1868,  the  work  at  dredging  was  done;  2,000  cubic  yards  of 
gravel  having  been  removed,  and  although  the  dam  is  still  iinflnished, 
a  material  improvement  has  been  made  by  the  dredging  alone. 

The  contractors  will  be  able  to  finish  boating  the  stone  to  White's 
Bipple  during  Sex)tember. 

Deadman's  Island^  (14  miles  from  Pittsburg.) — ^The  difficulty  at  this 
point  was,  that  by  the  land-owners  having  changed  the  course  of  the  Sew- 
ickley  Creek  so  that  it  came  into  the  river  opposite  Deadman's  Island, 
half  a  mile  below  the  old  mouth,  a  flood  from  the  creek  in  August,  1868, 
filled  out  a  bar  at  its  new  mouth. 

The  place  had  been  difficult  for  tow-boat«  before  on  account  of  its 
crookedness,  but  was  then  much  worse,  ascending  boats  having  to 
"warp''  through  at  a  four  feet  stage. 

Owing  to  low  water  it  was  not  until  November  1  that  the  dredge-boat 
got  fairly  to  work. 

During  the  season  4,000  cubic  yards  were  removed,  and  the  channel 
made  straighter  and  better  than  formerly.  No  additional  work  seems 
to  be  required  at  this  point. 

Jjogstown  Bar,  (18  miles  from  Pittsburg.) — ^The  dam  at  this  place  was 
finished  in  July,  1868,  and  remains  in  good  condition.  It  has  greatly 
improved  the  navigation,  more  particularly  for  the  coal-boat  interest. 

Line  Island,  (41  miles  below  Pittsburg.) — There  is  a  small  bar  to  the 
left,  at  the  head  of  the  channel  at  Line  Island,  which  greatly  narrows 
the  navigable  channel.  The  channel  chute  of  the  island  is  'much  less 
than  the  average  width  of  island's  channels.  Owing  to  the  high  water 
this  season  the  work  at  the  removal  of  500  cubic  yards  of  this  bar  has 
not  been  commenced. 

Beaver  ShoalSj  (27  miles  below  Pittsburg.) — ^This  difficult  reach  of  navi- 
gation has  long  been  a  source  of  annoyance  to  coal-boatmen,  and  to  all 
na\igators.  The  channel  for  a  mile  or  more  was  quite  crooked,  passing 
around  gravel  and  boulder  bars,  which  were  often  struck,  causing  many 
losses  by  sinking,  &c.  Captain  Sunders,  in  1844,  proposed  an  irajirove- 
ment,  and  began  work  at  excavating  a  channel  close  along  the  left 
shore.  There  is  a  natural  "pocket"  or  channel  along  that  shore  for  a 
considerable  distance,  but  at  the  upper  end  it  would  require  a  large  quan- 
tity of  rock  blasting  to  make  it  sufficiently'  wide  to  accommodate  the 
commerce  of  the  present  day.  A  contract  for  a  riprap  dam  to  shut  off 
the  water  taking  down  the  left  shore,  (3,500  cubic  yards,)  and  dredging, 
(11,000  cubic  yards,)  was  made  last  fall.  At  the  present  time  the  stone 
lor  the  dam  is  on  the  bank,  and  will  be  boated  in  as  soon  as  possible. 
The  dredge-beat,  belonging  to  B.  L.  Wood,  jr.,  began  operations  May  26, 
at  the  main  bar  at  the  upi)er  end  of  Beaver  Shoals.  This  bar  was  about 
700  feet  long,  with  an  average  width  of  ^0  feet,  and  composed  almost 
entirely  of  boulder;  some  of  these  measuring  a  cubic  yard,  while  the 
average  were  too  large  for  street  paving  purposes.  Notwithstanding 
the  natural  difficulties  of  the  place,  and  the  almost  continuous  high  water, 
interference  of  rafts  and  coal-boats  which  several  times  forced  them  to  quit 
work,  the  work  has  proceeded  well.  At  the  present  time,  (August  10,) 
fully  8,000  cubic  yards  have  been  removed ;  some  of  which  was  taken 
irom  a  bar  at  the  lower  end  of  the  shoal.    The  machine  is  now  at  work 
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taking  off  a  few  lumps  which  were  unavoidably  left,  after  which  there 
will  be  a  comparatively  straight  channel  through  Beaver  Shoals. 

Brunofs  Island,  (3  miles  from  Pittsburg.) — ^In  addition  to  the  rocks 
which  were  taken  out  of  "  Rowley's  Channel,"  at  the  mouth  of  the  Ohar- 
itiers  Creek,  in  1867,  it  was  found  advisable  to  dredge  the  channel  to 
make  it  wider  for  tow-boats. 

The  dredge-boat  employed  at  Beaver  Shoals  worked  at  this  point 
early  in  the  season  5  upon  her  return  to  Pittsburg,  some  lumps  left  at 
that  time  will  be  removed,  when  the  navigation  of  Brunot's  Island  will 
be  as  easy  as  elsewhere  on  the  river.  Formerly,  boats  had  to  lay  up  in 
Pittsburg  when  there  were  ten  inches  to  spare  for  them  on  any  bar 
below. 

Twin  Island,  (85  miles  below  Pittsburg.) — Since  the  last  annual  report 
a  contract  for  1,600  cubic  yards  of  stone  to  repair  damage  to  the  long 
dam  at  Twin  Island  was  made.  Included  in  the  estimate  was  the  con- 
struction of  a  short  dam  to  confine  the  waters  at  the  shoal  to  the  right 
of  central  bar,  at  the  foot  of  upper  island,  as  recommended  in  that 
report. 

Some  work  was  done  upon  this  place  last  fall ;  a  little  stone  has  been 
placed  at  the  foot  of  the  upper  island.  This  seasou  the  river  has  been 
too  high,  until  recently,  for  the  resumption  of  work.  It  is  expected  that 
all  the  stone  authorized  in  the  contract  will  be  boated  in  during  Sep- 
tember. I  have  been  unable  to  critically  examine  this  place  on  account 
of  the  high  water.  The  dam  passes  over  a  soft  gravel  bar  for  several 
hundred  tWt,  and  may  require  some  stone  in  addition  to  that  under  con- 
tract. Dams  in  such  situations  require  several  years'  time  to  become 
firmly  settled. 

Wheeling  Island,  (90  miles  from  Pittsburg.) — ^Wheeling  Island  .was 
thoroughly  surveyed  last  fall,  and  a  map  and  a  report  upon  several 
plans  proposed  for  its  improvement  forwarded  to  the  department.  The 
difficulty  in  the  navigation  of  the  left  and  only  regular  channel  at  this 
island  consists  of  a  wide  shoal  bar  at  the  upper  end,  opposite  Jonathan's 
Gut  Kun,  and  another  shoal  below  the  Wheeling  city  landing,  at  the 
mouth  of  Wheeling  Creek.  Owing  to  the  nature  of  the  shoals  above,  at 
Burlington,  it  was  not  deemed  advisable  to  resort  to  dredging  as  the 
only  means  of  improvement  at  this  place. 

The  quantity  of  water  parsing  at  the  lowest  period  in  1868,  called  four- 
teen inches  in  the  channel,  I  found  to  be  137,000  cubic  feet  per  minute  on 
the  east  or  Wheeling  side,  and  43,000  cubic  feet  per  minute  on  the  west 
or  Bridgeport  side  of  the  island;  total,  180,000  cubic  feet  per  minute. 

The  proposed  dam  at  the  head  of  the  island  met  with  so  much  opposi- 
tion by  the  citizens  of  Bridgeport,  Ohio,  that  it  was  finally  ordered  to 
be  constructed  across  the  Ohio  chute,  below  the  covered  bridge,  leaving 
an  unobstructed  entrance  to  that  town  from  above. 

The  dam  is  now  in  progress  of  construction.  In  addition  to  the  dam^ 
the  lower  bar  at  the  mouth  of  Wheeling  Creek  will  be  improved  by 
scraping,  a  contract  for  2,000  cubic  yards  of  dredging  ha\dng  been 
recently  entered  into  for  that  place. 

Cahys  Eddy,  (66  miles  from  Pittsburg.) — ^A  contract  for  the  removal 
of  150  cubic  yards  of  rock,  interfering  with  the  coal-boat  navigation  at 
this  place,  was  made  last  fall.  The  river  has  remained  too  high  for  the 
work  until  recently. 

Captina  Island,  (108  mOes  from  Pittsburg.) — At  the  date  of  last 
annual  report  it  was  recommended  that  500  cubic  yards  of  stone  be 
applied  to  repair  the  dam  at  Captina  Island.  During  the  fall  of  1868  a 
contract  for  repairs  to  that  amount  was  made,  and  180  cubic  yards  were 
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placed  on  the  dam.  The  river  has  been  too  high  this  season  to  dose 
the  work;  the  work  will  be  resumed  immediately,  and  it  is  expected  it 
will  be  completed  by  September  15. 

Fish  Creek  Isla7idj{113  miles  from  Pittsburg.) — At  date  of  last  annual 
report  an  additional  quantity  of  400  cubic  yards  of  stone  was  estimated 
for  repairs  here.  The  contract  for  the  work  was  awarded  to  the  same 
parties  that  have  Captina.  The  high  water  has  interfered  with  the 
work,  but  it  is  expected  the  repairs  will  be  done  here  during  September. 

Orandvietp  Shoah,  (142  miles  from  Pittsburg.) — ^A  dam  was  planned 
for  the  improvement  of  this  shoal  last  year.  This  season  a  thorough 
survey  has  been  made,  and  the  dam  located.  It  will  require  4,800  cubic 
yards  of  stone.  0\\ing  to  the  high  water  the  contractors  do  not  hope 
to  complete  it  before  October  1.  The  dam  wOl  be  built  out  from  the 
Virginia  shore,  and  will  be  about  1^0  feet  long. 

Sheets  Ripple^  (144  miles  from  Pittsburg.) — A  survey  of  this  place 
was  made  in  connection  with  Grandview  Shoals,  and  a  similar  dam 
located. 

The  contractor  at  this  place  has  been  unceasing  in  his  endeavors  to 
complete  the  dam  at  an  early  period,  and  will  have  it  completed  daring 
the  present  season. ,  The  contract  is  for  4,800  cubic  yards. 

Petticoat  Bar,  (146  miles  from  Pittsburg.) — The  dams  at  Petticoat 
Bar  were  finished  in  1867.  No  additional  work  has  since  been  found 
necessary.    The  channel  at  this  point  has  been  greatly  improved. 

Rowland^s  Raee^  (159  miles  from  Pittsburg.) — A  contract  for  1,200 
cubic  yards  of  dredging  to  straighten  the  channel  at  Eowland's  Race 
was  made  last  fall,  since  which  time,  on  account  of  the  high  water,  no 
work  has  been  done.  The  contractor  will  begin  operations  as  soon  as 
his  arrangements  are  completed. 

Marietta  Island,  (167  miles  from  Pittsburg.) — A  cx)ntract  for  11,000 
cubic  yards  of  stone  to  close  one  of  the  chutes  of  this  island  was  made 
last  fall.  If  the  Virginia  chute  be  closed  there  will  be  a  surplus  suffi- 
cient for  the  construction  of  a  low  wing-dam  at  Carpenter's  Bar,  one 
and  mile  above. 

Oai'penter's  Bar  is  really  somewhat  shoaler  than  either  chute  of  the 
island,  but  it  is  believed  that  a  dam  at  the  head  of  Marietta  Island  will 
of  itself  greatly  improve  the  plaxje. 

There  is  no  trouble  at  Marietta,  except  during  low  water,  so  that  a 
dam  can  be  of  little  benefit  to  the  descending  coal  trade.  Naturally, 
the  Virginia  chute  is  somewhat  the  best.  The  citizens  of  Marietta 
object  to  a  dam  closihg  the  Ohio  chute,  believing  that  the  chute  will 
close  up  with  sand,  and  destroy  the  landing  at  their  prosperous  city. 
In  this  remonstrance  they  are  seconded  by  the  pilots  and  officers  of  all 
the  regular  packet  lines  engaged  in  the  navigation  of  the  Upper  Ohio. 
Some  of  the  Pittsburg  coal-boat  men,  on  the  other  hand,  remonstrate 
against  closing  the  Virginia  chute,  the  one  usually  run  by  tne  coal  fleets. 
Their  objection  is  that  they  fear  snags  and  sand-bars  in  the  Ohio  chnte. 
I  made  a  thorough  survey  of  this  place  last  fall,  aided  by  Captain  G.  W. 
Eowley,  United  States  consulting  i)ilot,  a  man  of  excellent  knowledge 
of  the  river,  and  of  good  judgment.  These  reports  and  maps  furnish 
all  the  details  showing  the  feature  of  the  place.  We  have  recommended, 
only  on  account  of  the  town  of  Marietta,  that  a  dam  be  built  closing 
the  Virginia  chute.  We  believe  that  the  bars  complained  of  are  not 
sufficiently  high  to  interfere  with  coal-boat  navigation,  and  that  a  dam 
will  help  to  keep  it  cleaner.  No  plan  by  means  of  dredging  alone  seems 
at  all  advisable  for  the  improvement  of  the  shoals  at  Carpenter's  Bar 
and  Marietta  Island. 


k 


BEPORT  OF  CHIEF  OF  ENGINEERS.  357 

Aboat  10,000  cubic  yards  of  stone  have  been  quarried  and  delivered 
on  the  river  bank  this  season,  and  are  now  ready  for  delivery. 

Muskingum  Island,  (174  miles  from  Pittsburg.) — For  reasons  stated 
in  last  anuual  report  the  dam  at  Muskingum  Island  remained  unfin- 
ished. The  dam  was  not  finished  until  JN^ovember,  1868,  and  thus  far 
requires  no  additional  work.  One  noticeable  effect  of  the  construction 
of  this  dam  was  witnessed  at  Marietta,  three  miles  above,  the  lower  bar 
at  the  entrance  to  that  town  being  improved  several  inches  by  the  back- 
water. To  further  benefit  that  place  it  might  be  found  advisable  some- 
time in  the  future  to  build  the  dam  at  Muskingum  Island  somewhat 
higher,  though  the  necessity  for  future  work  is  not  apparent  for  the 
purpose  of  general  navigation. 

BlennerJuissetfs  Island^  (185  miles  from  Pittsburg.) — In  the  last 
annual  report  a  general  description  of  the  dams  at  Blennerhassett's 
Island  was  given.  The  contract  for  work  here  was  closed  in  November 
la«t,  at  which  time  all  the  dams  were  in  good  condition.  The  dam  at 
the  head  of  the  island  was  particularly  troublesome  to  build,  having 
sunk  and  washed  so  much  during  the  progress  of  the  work  that  the 
estimated  quantity  of  stone  was  barely  sufl&cient  to  shut  off  the  water. 

The  river,  so  far  this  season,  has  been  too  high  below  Parkersburg  to 
examine  very  thoroughly  into  the  condition  of  the  work,  but  it  is 
believed  no  additional  stone  will  be  required  upon  the  dam  at  head. 

The  semicircular  dam  on  the  right,  at  the  foot  of  the  island,  (four 
miles  below,)  it  is  believed,  should  be  built  somewhat  higher  to  prevent 
heavy  coal  fleets  from  drifting  against  it.  The  place  will  be  reported 
upon  as  soon  as  possible.  For  low-water  navigation  this  place  has 
given  no  trouble  whatever  since  the  dams  were  begun,  in  1867,  prior  to 
which  time  it  was  only  next  to  Buflfington  Island,  of  the  bad  points  in 
this  part  of  the  river. 

Mustapha  Island,  (194  miles  from  Pittsburg.) — Rocks  in  the  right 
chute  of  Mustapha  Island  will  be  removed  as  soon  as  the  water  permits; 
these  rocks  interfere  with  the  low-water  navigation.  A  contract  was 
made  last  fall  for  the  removal  of  150  cubic  yards. 

Belleville  Island,  (202  miles  from  Pittsburg.) — ^A  contract  for  3,600 
cubic  yards  of  stone  was  made  for  Belleville  Island  last  fall.  About 
1,300  cubic  yards  are  quarried  on  the  bank  ready  tor  delivery.  The 
object  of  the  dam  is  to  shut  off  the  water  escaping  to  the  left  of  the 
channel  at  the  foot  of  the  island.  The  water  has  interfered  with  the 
work  this  spring,  but  the  whole  will  be  finished  this  fall. 

Buffington  Island^  (214  miles  from  Pittsburg.) — At  Buffington  Island 
it  was  estimated  in  last  annual  report  that  3,000  cubic  yards  would  be 
required  to  repair  the  dam  closing  the  Ohio  chute  of  the  island,  and  in 
extending  the  long  dam  in  the  Virginia  chute.  A  contract  for  that 
amount  of  work  was  made  last  summer,  and  by  the  end  of  the  season 
2,200  cubic  yards  of  stone  were  placed  in  the  dam.  The  remaining  800 
cubic  yards  are  now  ready  for  delivery.  At  the  same  time  a  contract 
for  1,000  cubic  yards  of  dredging  was  made.  The  coal  fleets  have  great 
difficulty  in  passing  between  the  bars  without  striking  one  or  the  other; 
a  further  contract  of  4,000  cubic  yards  of  dredging  was  made  recently; 
none  of  this  dredging  lias  yet  been  done.  It  is  believed  that,  with  the 
work  now  finished  and  now  under  contract,  this  difficult  place  will  be 
radically  improved,  both  for  the  low- water  and  coal-boat  navigation. 

WOBKS  ON   THE  EIVEB  BELOW  CINCINNATI. 

Contracts  for  riprap  dams  at  Medoc  or  Bosley's  Bar,  448  miles  from 
Pittsburg;  Eising  Sun  Bar,  502  miles  from  Pittsburg;  and  Warsaw 
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Bar,  524}  miles  from  Pittsburg,  were  made  in  Jnly  of  this  season.  At 
Eising  Sun  Bar  and  Warsaw  Bar  some  dredging  in  the  channel  is 
nnder  contract. 

The  successful  bidders  for  these  works  have  not  yet  completed  their 
preparations  for  work,  but  it  is  expected  that  work  will  be  in  progress 
by  the  middle  of  September  at  all  the  points  now  under  contract  on  the 
riVer. 

In  my  general  charge  of  the  works  in  the  field,  I  was  greatly  assisted 
by  Captain  George  W.  Rowley,  United  States  consulting  pilot.  Captain 
Marshall  Hays,  an  old  experienced  pilot,  is  also  engaged  aiding  in  direct- 
ing and  personally  superintending  the  dredging  operations. 

NEW  WORKS. 

Ko  fiinds  are  available  for  much  more  work  than  is  described  above. 
The  list  above  embraces  those  points  generally  recognized  as  the  most 
troublesome;  but  with  their  improvement  comes  the  necessity  for  the 
improvement  of  places  only  a  little  worse. 

The  following  points  above  Louisville  are  those  now  most  urgently 
requiring  improvements.  The  estimates  have  been  carefully  revised ; 
the  charts  so  far  completed  show  all  i)oint8  above  Louisville  very  per- 
fectly; other  minor  points  might  be  added,  but,  in  advance  of  any 
appropriation^  may  not  be  necessary.  To  this  estimate  for  the  further 
extension  of  improvements  on  the  Ohio  Eiver  should  be  added  a  like 
amount  for  the  Lower  Ohio.  The  high  water  at  the  time  of  surveying 
much  of  the  Lower  Ohio  has  prevented  as  much  accuracy  in  preparing 
estimates  as  in  the  portion  above  the  falls.  At  the  same  time  it  seems 
not  altogether  improbable  that  a  somewhat  difficult  system  of  improving 
the  Lower  Ohio  may  be  advisable.  Eiprap  dams  at  nearly  all  the  poin^ 
built  in  the  Lower  Ohio,  during  Captain  Shreeve's  time,  are  so  much  bur- 
ied under  the  sand  occasionally,  that  their  effect  on  the  navigation  is 
sometimes  the  reverse  of  an  improvement.  The  sand  washing  a  channel 
occasionally  over  them,  leaving  the  channel  obstructed.  At  Flint  Island, 
however,  there  is  no  sand,  and  the  dams  there  could  be  repaired  with 
advantage  to  the  navigation  of  that  place.  At  other  points  the  occasional 
removal  of  the  sand  and  obstructions,  as  logs,  trees,  &c.,  which  cause  it  to 
settle,  in  the  channel  will  do  much  good.  A  system  of  lights  for  the 
improvement  of  the  navigation  at  the  Grand  Chain,  and  erection  of  land 
marks  at  a  few  other  points,  is  earnestly  desired  by  river  men.  More 
specific  recommendations  will  be  made  from  time  to  time  as  the  circum- 
stances of  the  case  will  allow. 

The  sums  named  below  represent  the  amount  which  could  be  profitably 
expended  during  another  season  of  active  operations: 


I* 


232 
240 
255 
273 
285 
290 
303 
312 
322 
379 
364 


Name  of  plmce. 


For  improvements  above  Louisville— 

Lc  tart 'a  Tslaud 

Wolf  Bar 

Eif^bt-mile  Island 

Kao^oon  Island 

Little  Gnyandotte  River 

G  rebot  torn  Ripple 

Gnyniuiotte  Bar 

Baflin^on  Bar * 

KoajiH  Sho^H,  above  for  25  miles,  and  below  for  25  miles,  rock,  &o 

Quick 'h  Run  Bar 

Brush  Creek  Island 


Auknu^ 


•e,ooo 

9.000 

5,000 

6.000 

5^000 

2.500 

11.000 

10.000 

17.000 

11,000 

12,000 
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E^UmateA  amounU  required  for  ititproving  specified  points  on  ike  Ohio  River  y  ^. — Continued. 


Name  of  place. 


Amount. 


393 
411 
4S5 
431 
456 
471 
509 
537 


ManoheBter  Island 

Charleston  Bar 

AugnstaBar 

Snag  Bar 

Fonr-mile  Creek  Bar 

McCollom's  Bar 

Gunpowder  Bar 

Craig's  Bar 

Improyements  below  LonsTlUe— 

Riprap  dams,  dredging,  removal  of  obstructions,  erection  of  landmarks,  lights,  &c 
Add  10  per  cent,  for  contingencies 

Total 


$14,000 
11.000- 
13,000 

6.000 
11,000 

2,000 
18,000 
14,000 


178,500 

175,000 
35,350 


386,850 


REMOVING  OBSTBUOTIONS. 

In  last  annual  rex)ort  it  was  stated  that  Captain  John  Eogers,  with 
the  steamer  Greenback,  two  crane-boats  and  flats,  had  commenced  the 
work  of  removing  obstructions,  and  that  two  others  with  similar  outfits 
were  getting  ready.  The  following  summary  of  operation  of  the  three 
steamers  is  taken  from  the  monthly  reports  to  the  department  from  the 
office,  for  the  month  of  ^November,  1868.  (See  pages  Nos.  20, 21, 22  and 
23.)  From  considerations  of  economy,  it  was  recommended  to  the 
department  that  this  season  but  one  crane-boat  be  furnished  with  each 
steamer,  and  that  but  two  steamers  be  employed,  both  to  work  above 
Louisville.  Contracts  were,  with  the  advice  of  the  department,  accord- 
ingly made  with  John  Eogers,  with  the  Greenback,  one  crane-boat,  two 
flats,  and  six  workingmen,  at  $72  per  day,  and  Captain  Spencer,  of  the 
Zebra,  with  a  like  outfit.  The  Greenback  began  operations  July  29;  the 
work  being  under  the  superintendence  of  Captain  John  Shouse,  United 
States  inspector;  the  district  assigned  this  steamer  is  between  Ports- 
mouth and  Cincinnati,  with  orders  to  remove  wrecks  at  Steubenville 
Bridge  on  her  way.  The  Zebra  started  out  August  10,  to  work  between 
Cincinnati  and  Louisville,  under  Captain  D.  M.  Dryden,  United  States 
inspector.  This  river  runs  through  several  collection  districts.  The 
amount  of  revenue  collected  at  the  several  ports  of  entry  located  on  it 
during  the  fiscal  year  ending  June  30, 1869,  could  not  be  ascertained  in 
time.  The  commerce  and  navigation  of  the  Mississippi  River  and  all  of 
its  branches  would  be  benefited  by  the  improvement  of  the  Ohio  River. 


Abstract  of  bids  received  and  opened  at  6  p.  m.,  Monday f  August  17,  1868. 


I 


1 

3 
4 
6 

7 


Place. 


Name. 


White's  Kipple.. 

do 

do 

do 

do 


KoutJi  &  Watts 

Henry  &  Cook 

Alouzo  Tripp 

Manftill,  Keith  &  Co. . 
Moor  &  Chambers. . . . 


O 

I 


>  ■ 


<s 


a,  70011  35 
2,700 
2,700 
2,700 


o 


^'9 


-ST- 

bfid 


o 
S 


I 

eS    . 
^^ 

©  0 
o 

Is* 


1  20 

2  10 
1  15 


13,375  0010  7512,025  00 
3,240  00   1  20   3,240  OOfl  8592,125  00 
5, 670  00|      GO   1,  620  00 
3, 105  00   1  85i  3, 995  OOj  1  50 

1 1 4  00 


o 

a 


O  9 


3,500 


3, 750  00  2,  500 
10, 000  OOi  3, 500 
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Ahatract  of  bids  received  and  cpenedf  ^e, — Continued. 


ti 

M 


8 

9 
10 
11 
12 
13 
14 
15 
17 
19 

1 

3 

4 

6 

9 
10 
11 
13 
13 
15 
16 
17 

1 

3 

4 

6 

7 

8 
16 
17 
18 

1 

3 

4 

16- 
17 
18 

1 

3 

5 

6 

9 
10 
11 
IS 
13 
14 
15 
16 
17 

1 

S 

3 

4 

5 

6 

7 

8 

9 
10 
11 
13 
13 
14 
15 
16 
17 


Place. 


White's  Ripple. . 
do 


do 

do 

do 

do 

do 

do.   

do 

do 

Twin  Island  . . . . 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Cap  tiua  Island  .. 

do 

do 

do 

do 

do 

do 

do 

do 

Fish  Creek 

do 

do 

do 

do 

do 

Blennerhaasett's 
do 


do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

BaffinjTton  Island 


10 

do 

do 

.do 

do 

.do 

.do 

.do 

do 

do 

.do 

.do 

.do 

.do 

do 

.do 


Name. 


B.  L.Wood,1r 

Cljarles  Cable 

Henry  Baker 

Henry  Kelley 

Jacob  Cable 

T.J.  Power,  jr 

J.  J.  Power 

Robert  Swan,  jr 

James  Kerr 

J.B.O'Ntil 

Routh  &  Watts 

Henry  &  Cook 

Alonzo  Tripp 

Manfnll,  Keiff  &  Co . 

Charles  Cable 

Henry  Baker 

Henry  Kelley 

Jacob  Cable 

T.J.  Power,  jr 

Robert  Swan,  jr 

Myers  &.  Kerr 

James  Kerr 

Routh  &WatU 

Henry  &  Cook 

Alonzo  Tripp 

Manfull,Kief  &Co.. 
Moor  &  Chambers. . . 

B.L.Wood,  jr 

Myers  &  Kerr 

James  Kerr 

Thomas  J.  Power 

Routh  &  Watts 

Henry  &  Cook 

Alonzo  Tripp 

Myers  &  Kerr 

James  Kerr 

Thomaa  J.  Power, 

Routh  &  Watts 

Henry  &  Cook 

CM.  Cole 

Manfull.  Kief  &Co..., 

Charles  Cable 

Henry  Baker 

Henry  KoUey 

Jacol)  Cable 

Thomas  J.  Power,  jr. . . 

J.  J.  Power 

Robert  Swan,  jr 

Myers  &  Kerr 

James  Kerr 

Routh  ^Watta 

Price  &  McGee 

Henry  &  Cook 

Alouzo  Tripp 

CM.  Cole 

Manfull,Kelf&Co.... 

Moore  &  Chambers 

B.  L.Wood,  jr 

Charles  Cable 

Henry  Baker 

Henry  Kelley 

Jacob  Cable 

Thomas  J.  Power,  jr. . . 

J.  J.  Power 

Robert  Swan 

Myers  &  Kerr 

James  Kerr 


CO 

o  o 

n 
H 

0-° 


2,700 
2,700 
2,  7t0 
2,700 
2,700 
2,700 
2,700 
2,700 
2,700 
1,650 
1,650 
1,650 
1,650 
1,650 
1,650 
1,650 
1,650 
1,650 
1,65- 
1,650 
1,650 
550 
550 
550 
550 


500 

500 

500 

400 

400 

400 

400 

400 

400 

000 

000 

000 

000 

000 

00 

000 

000 

000 

000 

000 

000 

OJO 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 


2513,375 
4,050 
4,725 
4,050 
3,780 
5,400 
4,050 
3,410 
4,320 
2,062 
2,062 
3,300 
1,815 
1,650 
2,640 
2,475 
2,640 
2,475 
2,227 
1,  815 
1, 65.) 
825 
715 
1,375 
632 


50 
75 
50 
40 
5U 
50 
30 
60 
25 
25 
00 
10 
00 
60 
50 
60 
40 
35 
10 
00 
50 
30 
50 
15 


10 
00 
60 
50 
32 
50 
10 
13 
80 
25 
28 
10 
15 
20 
80 
00 
00 
00 
50 
50 
20 
00 
25 
50 
25 
00 
00 
00 


00 
30 
00 
00 
10 
00 
75 
00 
90 


a 


00 
00 
00 
00 
00 
00 
00 
00 
00 
50 
50 
00 
00 
00 
00 
00 
00 
00 
50 

oo 

00 
00 
00 
00 
50 


605 

500 

880 

600 

528 

1,000 

440 

452 

730 

1,250 

1,280 

1,1C0 

1.150 

1,200 

1,800 

1,  (too 

1,000 
1,000 
1,500 
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I  certify  the  above  to  be  a  true  abstract. 

W,  MILNOR  ROBERTS, 
17.  8.  Civil  Engineer^  in  charge  Ohio  River  Improvements. 
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Abstract  of  bids  opened  Monday,  S^iemher  28, 1868,  ^ — Continued. 
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I  certify  the  above  to  be  a  true  abstract. 

W.  MILNOR  ROBERTS, 
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Abstract  of  Mds  awarded  /ram  the  foregoing  abstracts 
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I  certify  the  above  to  be  a  true  abstract. 

W.  MILNOE  EGBERTS, 
U.  8.  Civil  UngineeTy  in  charge  Ohio  River  Improvements. 


Ahelract  of  bids  awarded  fi'om  the  above. 

No. 

Name. 

Amount 

Name  of  steamer. 

1 

C.  M.  Cole 

•62,00 
72,00 

Zebra. 

3 

.Tnhn  Rndgnm 

Greenback. 

1 

SNAG-BOAT  OPERATIONS  18d8. 

Operations  of  the  torecking  steamer  OreenbacJcy  Captain  John  RodgerSj 
contra^iorj  under  Captain  John  Shouse^  United  States  inspector. — ^The 
Greenback  began  work  June  5,  at  a  sunken  canal-boat  loaded  with 
clinkers,  at  Brunot's  Island,  which  was  removed.  The  river  was  too 
high  from  the  8th  to  the  12th  of  June;  at  the  latter  date  work  was  com- 
menced at  two  sunken  coal-boats  in  the  channel  at  Jack's  Run,  five 
miles  from  Pittsburg.  June  25,  finished  at  Jack's  Run  and  proceeded 
to  Steuben ville  raikoad  bridge,  OS  miles  below  Pittsburg;  raised  one 
snag  on  the  way;  worked  at  several  wrecks  there  until  July  2.  They 
also  took  out  some  rocks  under  the  bridge  which  interfered  with  the 
navigation.  July  6,  left  Steubenville  and  jjroceeded  to  Wheeling,  rais- 
ing a  sunken  flat-boat  the  same  day.  July  8,  raised  sunken  coal-barge 
at  Sunfish,  2^  miles  below  Wheeling.    July  10,  working  at  a  sunken 
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coal-boat  at  Williamson's  Island,  138  miles  below  Pittsburg;  a  brick- 
boat  at  Blannerhassett's  Island,  183  miles  below  Pittsbarg;  detained 
there  from  July  15  to  22.  At  Belleville  Island,  July  23,  202  miles  from 
Pittsburg,  they  encountered  a  strongly-framed  model  barge,  which  gSLTe 
them  a  great  deal  of  trouble,  the  work  being  interfered  with  by  liigh 
water  and  the  passage  of  numerous  tow-boats;  the  tow  of  one  of  tbese 
boats  broke  loose  above  them  and  set  the  snag-fleet  adrift,  compelling 
them  to  lose  their  hold  of  a  partially-raised  wreck,  which  again  sank. 
Leaving  Belleville,  August  11,  they  next  proceeded  to  Buffington  Island, 
214  miles  below  Pittsburg,  where  they  were  several  days  engaged  rais- 
ing a  boat,  loaded  with  boulders.  September  1,  at  Guyandotte,  thej 
were  working  at  a  drift  pile,  which  they  burnt  and  tore  up  completely; 
it  was  very  much  in  the  way  of  ascending  boats  of  all  kinds.  The  rise 
in  the  river,  September  10,  caught  them  at  Portsmouth,  370  miles  below 
Pittsburg.  Waiting  until  October  3,  the  river  showing  no  signs  of  fall- 
ing to  a  reasonable  working  stage,  the  Greenback  was  ordered  to  return 
to  Pittsburg.  On  the  trip  dowii,  from  June  5  to  September  10,  they 
raised  in  all  fifteen  wrecks,  and  removed,  besides  drift  and  several  smaU 
snags,  85  large  snags,  four  stumps,  and  nineteen  logs;  also  several 
rocks,  and  cut  down  a  number  of  trees  likely  to  become  snags.  After 
her  return  to  Pittsburg,  the  river  having  again  fallen,  Mr.  Roberts  dis- 
patched the  Greenback  down  again  with  one  crane-boat  and  a  half  crew 
to  work  at  a  number  of  snags,  &c.,  which  had  been  reported  to  tMs 
office,  and  removed  such  other  obstructions  as  they  might  find  in  the 
way.  They  left  Pittsburg  October  21,  the  marks  showing  but  two  feet 
of  water;  and,  the  water  being  clear,  they  were  able  to  see  everywhere 
anything  at  all  dangerous  in  the  way  of  snags,  wrecks,  &c.  JBaving  no 
extra  boats  with  them,  they  got  along  rapidly,  reaching  Portsmouth, 
where  they  had  left  off  before,  November  3,  where  another  rise  overtook 
them.  On  the  way  down  they  removed  41  snags  and  one  stump,  besides 
cutting  off  three  trees.  The  steamer  left  Portsmouth  upward-bound 
November  4,  and  reached  Pittsburg  November  16,  where  she  laid  up 
finally  for  the  winter. 

Opep'atiofis  of  the  wrecking  steamer  Zebra,,  contractors  Cole  and  Spetuser^ 
under  B.  J,  Caffrey,  United  States  inspector. — The  Zebra  began  at  Cin- 
cinnati, Ohio,  July  21,  and  made  fair  progress,  removing  troublesome 
logs  and  snags  in  that  vicinity,  until  she  came  to  pieces  of  wrecks,  being 
steamers  Magnolia  and  Wild  Hoosier,  pieces  of  which  were  strewn 
about  in  a  number  of  places  for  several  miles.  From  the  5th  to  the 
10th,  on  account  of  high  water,  the  inspector  laid  the  boat  up.  On 
August  15  she  succeeded  in  getting  out  most  of  the  wreck  of  the 
Magnolia.  By  the  evening  of  the  19th  they  had  moved  the  wreck  of 
the  Hoosier  sufficiently  away  from  the  channel.  August  29  the 
party  were  working  at  the  bow  of  the  Magnolia,  which,  after  her  explo- 
sion, had  drifted  down  to  North  Bend,  til'teen  miles  below  Cincinnati 
Being  heavily  plated  and  bolted  with  iron,  and  firmly  imbedded  in  the 
sand,  it  gave  a  great  deal  of  trouble.  They  used  fires  to  burn  up  those 
parts  standing  out  of  water.  September  12,  the  river  rising  rapidly, 
the  work  stopped,  and  there  being  no  prospect  of  its  soon  fsdling, 
October  2,  the  inspector  was  ordered  to  cease  work.  The  Zebra  clear^ 
out  the  river  from  Cincinnati  to  Aurora,  Indiana,  a  distance  of  twenty- 
six  miles,  removing  seven  wrecks,  twenty  large  snags,  with  several 
smaller  ones,  and  four  troublesome  logs. 

Operations  of  the  snag  boat  Petrolia^  Captain  James  Routh,  contractor 
D.  M.  Drydmi. — ^The  Petrolia  began  work  at  Evansville,  Indiana,  about 
770  miles  below  Pittsburg,  July  27.    The  work  assigned  her  was  mostly 
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upon  the  removal  of  snags,  which  are  large  and  much  more  numerous 
in  the  Lower  Ohio  regions  than  they  are  above.  By  the  end  of  July 
the  Petrolia  had  moved  down  thirty-four  miles,  having  in  the  mean  time 
removed  sixteen  snags,  some  of  which  were  quite  large.  EYom  the  1st 
to  the  15th  of  August  they  had  removed  twenty-seven  snags  in  ninety- 
eight  miles,  (inspector's  estimate  of  distance.)  The  river  being  rather 
high,  some  snags,  troublesome  to  low-water  navigation,  could  not  be 
found ;  these  they  intended  to  remove  on  their  return  up  the  river.  From 
August  15  to  August  25  the  boat  was  laid  up,  on  account  of  high  wat^r 
at  Paducah,  mouth  of  the  Tennessee  River.  Returning  upward  from 
Paducah  August  25,  they  removed  twenty  snags  in  the  distance  of 
twelve  miles,  by  the  end  of  the  month.  By  the  middle  of  September 
they  had  moved  up  thirty-one  miles,  to  Hurricane  Island,  removing 
thirty-six  snags.  Writing  from  Hurricane  Island,  under  date  of  Sep- 
tember 13,  the  inspector  says:  *' We  arrived  at  this  place  in  good  season. 
There  are  one  hundred  snags  in  the  water  here,  all  with  their  ends  in 
sight  above  watery  they  are  deeply  imbedded  in  the  sand  and  mud; 
unfortunately  the  river  is  raising  again,  there  being  six  feet  on  Walkei-'s 
Bar,  five  miles  above  here,  and  we  may  not  be  able  to  reach  all.  We 
w^ill  take  out  fifty  of  the  worst  snags  here,  and  cut  them  up  on  the  river 
bank,  if  the  water  permits.  The  snags  are  all  very  heavy,  and  have  to 
be  cut  up  into  short  pieces  and  taken  to  the  bank,  or,  when  convenient, 
dropped  into  deep  holes  out  of  the  way.  The  average  size  of  the  si^ags 
is  from  2^  to  5 feet  through  at  the  butt,  and  from  6  to  120  feet  in  length,  and 
are  mostly  tough  wood,  consisting  in  the  greater  part  of  oak,  sycamore, 
pecan,  elm,  and  cotton  wood;  some  of  them  require  both  crane-boats  to 
raise  them.  One  that  we  took  out,  a  monster  pecan,  was  5  feet  in  dia- 
meter and  120  feet  in  length.  We  worked  at  this  snag  four  days,  it  being 
solid  as  mahogany,  breaking  chains  and  wearing  out  saws,  but  we  suc- 
ceeded in  getting  entirely  rid  of  it.  The  river  having  raised  to  30  feet 
in  the  channel,  the  Petrolia  left  Hurricane  Island  September  29,  reach- 
ing Evansville,  Indiana,  October  1;  and  October  2  Mr.  Roberts  tele- 
graphed the  inspector  to  quit  working  for  the  season.  From  Evans- 
ville, Indiana,  to  Paducah,  Kentucky,  a  distance  of  136  miles,  between 
July  27  and  September  15,  the  Petrolia  removed  99  snags,  besides 
cutting  down  a  large  numberof  over-hanging  trees,  likely  to  become  snags« 

Summary  of  anag-hoaVs  operation  on  the  Ohio  Rivety  1868. 
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There  are  still  remaining  435  miles  of  the  river  to  be  worked  upon, 
and  several  x)oints  includ^  in  that  already  worked  over  omitted  on 
account  of  high  water. 
Eespectfolly  submitted. 

THOMAS  P.  EOBBBTS, 
Asmtant  United  States  Civil  Engineer. 

Bvt.  Majj.  Gen.  G.  Wbitzel, 

Major  of  Engineers  United  States  Army^ 

In  temporary  charge  Ohio  Eiver  Improvement^  LouisviUey  Ky. 
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Office  of  Ohio  River  Improvements, 

Pittsburg,  February  12,  1869. 

General:  In  obedience  to  instraetions  from  Headquarters  Engineer 
Corps,  dated  October  21, 1868,  I  respectfully  submit  the  following  special 
report  on  the  subject  of  the  improvement  of  the  Ohio  River  at  Wheeling 
Island.  lu  1868,  at  the  date  of  September  9, 1  had  the  honor  to  recom- 
mend, among  other  improvements  along  the  river,  the  construction  of  a 
riprap  dam  at  the  head  of  Wheeling  Island,  designed  to  improve  the 
water  in  the  channel  generally  used,  on  the  left  or  Virginia  side  of  the 
river,  which  it  was  proposed  to  do  by  closing  the  channel  at  the  head 
of  the  right  or  Ohio  chute,  by  a  low  dam,  which,  at  moderate  stages,  would 
throw  nearly  all  the  water  to  the  Virginia  channel.  This  plan  was 
approved  and  proposals  were  received  for  furnishing  and  putting  in  the 
riprap  stone,  and  the  contract  was  awarded  October  10,  1868. 

About  the  same  time  that  proposals  were  being  received,  a  number  of 
the  citizens  of  Bridgeport  remonstrated  against  the  building  of  a  dam 
on  the  Ohio  side.  A  committee  of  gentlemen  interested  in  Brid«:eport 
and  vicinity  called  at  the  United  States  engineer's  office,  in  Pittsburg, 
and  stated  their  views,  referring  at  the  same  time  to  the  interests  which 
they  believed  would  be  seriousl^^  affected  by  the  construction  of  the 
proposed  dam.  This  led  to  my  letter  to  the  Engineer  Department,  dated 
October  16,  1868,  and  to  the  letter  of  instructions  to  me,  dated  October 
21, 1868,  requiring  a  special  report  on  the  subject.  Meanwhile  no  work, 
excepting  the  quarrying  of  stone,  (which  could,  if  deemed  advisable,  be 
made  applicable  at  some  other  point  on  the  river,)  was  undertaken  at 
that  place;  the  lateness  of  the  season  rendering  this  circumstance  of 
comparatively  little  consequence.  At  favorable  periods  since,  I  have 
had  careful  examinations  and  additional  surveys,  and  an  elaborate  chart 
of  the  place  made  from  the  new  surveys,  drawn  on  a  scale  of  five  hundred 
feet  to  an  inch,  which  chart  accompanies  this  report. 

These  examinations  and  surveys  were  made  by  Mr.  Thomas  P.  Roberts, 
assistant  United  States  civil  engineer,  assisted  by  Captain  George  W. 
Rowley,  United  States  consulting  pilot,  with  the  party  belonging  to  the 
government  inspection  steamer  "  Tidioute."  The  rei>orts  made  to  me 
from  time  to  time,  aided  by  my  personal  familiarity  with  the  locality, 
have  enabled  me  to  understand  the  case  thoroughly,  and  my  views 
on  the  subject  may  be  briefly  expressed. 

There  can  be  no  doubt  that,  if  no  private  interests  were  to  be  affected 
or  considered,  the  proper  mode  for  improving  navigation  at  Wheeling 
Island  would  be  to  throw  the  dam  across  the  Ohio  chute,  as  proposed. 

There  are,  however,  some  private  interests  which  may  be  injured 
thereby,  although,  in  my  opinion,  the  injury  will  be  much  less  than  has 
been  anticipated  and  stated  by  the  parties  interested  on  the  Ohio  side, 
residing  in  and  near  Bridgeport. 

The  accompanying  chart  is  so  complete  in  itself  that  it  may  be  referred 
to  as  part  of  this  report,  and  as  a  means  of  shortening  it. 

Owing  to  the  existence  of  a  low  bridge,  with  piers  about  two  hundred 
feet  apart,  running  from  the  island  to  Bridgeport,  which  has  existed  for 
many  years — ^long  before  the  erection  of  the  suspension  bridge  over  the 
main  channel  on  the  Wheeling  side — the  navigation  in  the  Ohio  chute 
may  be  regarded  as  entirely  of  a  local  character,  which  is  only  used 
locally  for  the  passage  of  rafts  and  flats,  &c.,  and  which  cannot  be  nav- 
igated by  the  ordinary  steamers,  coal  fleets,  &c.,  running  the  main  river, 
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because  in  very  low  water  they  could  not  run  there,  and  in  higher  stages 
they  could  not  pass  under  the  low  bridge. 

By  reference  to  the  chart  it  will  be  seen  that  on  the  Ohio  side 
above  the  proposed  dam  no  injury  will  accrue  5  on  the  contrary,  the  ferry 
there  will  be  improved  by  getting  an  inci'eased  depth  of  water,  which 
the  back  water  of  the  dam  will  give. 

Whatever  injury  there  might  be  would,  therefore,  occur  below  the  dam, 
to  interests  along  the  Ohio  shore,  and  it  would  be  mainly  confined  to 
those  above  the  low  bridge.  The  nail-keg  factory,  and  the  coal  shipping 
tipple,  are  the  two  most  materially  interested.  Their  positions  are 
shown  on  the  map,  above  the  bridge. 

It  is  true  that  log  rafts  and  other  rafts  for  local  consumption  at  the 
saw-mill  on  (Ohio)  Wheeling  Creek,  below  the  bridge,  and  in  Bridgeport 
and  its  vicinity,  can  now  run  down  the  Ohio  chute  at  a  certain  stage,  say 
about  three  to  five  feet  of  water,  which  they  could  not  do  after  the 
completion  of  the  dam,  excepting  at  a  six  feet  stage,  (or  any  greater 
depth,)  which  would  enable  them  to  pass  over  the  low  dam.  But  at 
nearly  all  times  when  such  log  rafts  or  other  rafts  can  now  safely  pass 
down  the  Ohio  chute,  they  could  be  towed  up  from  the  lower  end  of  the 
same  chute  as  far  as  the  low  bridge.  It  is  thus  far  optional.  In  low 
water  there  is  no  navigation  through  that  chute. 

As  a  substitute  for  the  proposed  dam,  it  has  been  suggested  that 
dredging  of  the  bars  in  the  Virginia  channel,  on  the  city  of  Wheeling 
side,  would  sufficiently  improve  the  main  channel  of  the  river,  without 
interfering  with  the  private  interests  along  the  Ohio  chute  on  the  Biidge- 
port  side. 

Doubtless  the  channel  can  be  improved  by  dredging  the  gravel  bars 
as  indicated.  There  exists,  however,  a  special  objection  to  any  consid- 
erable extent  of  dredging  at  the  upper  end  of  the  main  chute.  Burlington 
Bar,  only  one  and  one-half  miles  above,  (see  Captain  Sanders's  chart,  sheet 
No.  12,)  is  a  troublesome  place  now,  and  if  the  channel  at  the  head  of 
Wheeling  Island  is  dredged  low  enough  to  draw  the  whole  flow  into 
that  side,  it  will  necessarily  reduce  the  surface  of  the  pool  between 
Wheeling  Island  and  Builington  Eipple,  and  increase  the  low  water 
difficulty  at  the  latter  point.  Dredging  at  the  head  of  any  bar  on  a 
descending  stream  must,  inevitably,  in  the  iiature  of  the  case,  lower  the 
surface  of  the  immediately  adjoining  pool  above. 

One  of  the  reasons  assigned  by  Captain  Sanders,  and  I  believe  sus- 
tained by  Captain  Hughes,  both  of  the  United  States  Engineer  Corps, 
was  that  a  dam  at  the  head  of  Wheeling  Island  would  raise  the  pool 
above,  and  consequently  benefit  the  shoal  navigation  at  Burlington 
Eipple  shoal. 

The  examining  engineer  party,  in  the  autumn  of  1868,  gauged  the  flow 
of  water  in  both  chutes,  and  found  in  the  Ohio  chute,  passing  per  minute, 
forty-three  thousand  cubic  feet,  and  in  the  main  or  Virginia  chute,  one 
hundred  and  thirty-seven  thousand  cubic  feet,  an  aggregate  of  one 
hundred  and  eighty  thousand  cubic  feet,  at  that  time,  which  was  called 
a  fourteen-inch  stage;  the  lowest  water  of  the  year,  but  not  so  low  as  it 
has  occasionally  been. 

A  riprap  wing  dam  had  been  proposed  or  suggested  by  Captain 
Sanders  at  Burlington  Ripple,  unless  the  completion  of  the  proposed  dam 
at  Wheeling  Island  should  render  it  unnecessary.  The  same  may  be 
said  now.  If  the  channel  at  Wheeling  Island  be  improved  solely  by 
dredging,  without  a  dam  ou  either  chute  to  concentrate  the  water,  it  will 
be  necessaiy  to  construct  a  dam  at  Burlington  Ripple:  otherwise  the 
expenditure  at  Wheeling  Island  might  be  worse  than  useless  to  the  main 
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navigation  of  the  river,  and  be  only  a  partial  local  advantage  to  the  city 
of  Wheeling  for  its  low-water  river  trade  below  the  city,  though  at  the 
same  time  injuring  its  own  low-w  ater  trade  above — ^to  Steuben ville,  to  the 
Erie  Canal  at  Beaver,  and  to  Pittsburg,  &c.  It  would  be  literally  robbing 
Peter  to  pay  Paul,  with  profit  to  no  interest,  private  or  public. 

I  could  not,  therefore,  recommend  the  abandonment  of  the  proposed 
dam  at  the  head  of  the  Ohio  chute,  and  the  dredging  at  the  head  in  the 
Virginia  chute,  without  at  the  same  time  recommending  work  to  be  done 
at  Burlington  Ripple. 

I  am  well  aware  that  the  Engineer  Department  entertains  only  the 
desire  to  improve  the  navigation  at  the  least  practicable  cost,  and  so  as 
to  be  productive  of  the  greatest  benefit  to  the  general  public,  with  no  wish 
to  interfere  unnecessarily  with  any  i)riv^ate  local  interests,  but,  on  the 
contrary,  to  help  them  so  far  as  it  may  be  consistent  with  the  predomi- 
nant interests  of  the  river  commerce.  Here  is  a  case  where  these  two 
come  somewhat  in  conflict,  and  it  is  rather  a  delicate  task  to  decide  to 
what  extent  either  or  both  should  be  compromised.  Being  familiar  witJi 
the  details  and  surroundings  on  the  ground,  I  am  naturally  expected 
to  make  up  a  decision  or  special  recommendation  of  some  sort  for  your 
consideration. 

Before  doing  this,  it  may  be  proper  to  advert  to  the  several  duties 
which  have  been  devolved  upon  me,  as  an  engineer  acting  under  your 
instructions,  and  referring  to  some  of  the  general  circumstances  which 
belong  to  the  consideration  of  the  subject,  and  which  may  have  a  bearing 
on  the  present  decision.  Three  distinct  or  dilBferent  duties  have  been 
ordered:  first,  the  general  survey,  involving  a  fiill  geneml  report  and 
maps  of  the  entire  nine  hundred  and  sixty-seven  miles  in  length ;  (of 
which  two  hundred  and  seventy-one  miles  were  surveyed  by  Major  San- 
ders;) second,  the  removal  of  all  movable  obstructions  along  the  whole 
length ;  third,  the  locaton  and  construction  of  riprap  dams,  excavation 
of  channels,  &c.,  chiefly  for  the  improvement  of  the  low-water  navi- 
gation at  the  points  where  most  needed. 

The  surveys  of  the  river  may  be  regarded  as  preliminary  to  the 
thorough  consideration  of  the  several  plans  w^hich  have  been  proposed 
for  the  radical  improvement  of  the  Ohio.  These  surveys  are  now  sub- 
stantially completed;  only  a  few  soundings,  and  perhaps  a  week  or  ten 
days  of  levelling  at  certain  points  on  the  upper  two  hundred  and  seventy- 
one  miles,  or  the  portion  surveyed  many  years  ago,  remain  to  finish  the 
necessary  field  data.  Without  now  referring  to  any  particular  plan  for 
the  radical  improvement  of  the  river,  it  is  known  that  on  any  plan  or 
combination  of  plans  the  cost  will  be  a  number  of  millions  of  dollars. 
No  appropriations  looking  to  such  an  expenditure  or  such  radical  improve- 
ment have  yet  been  made  by  Congress,  excepting  the  small  amount 
applied  to  surveys,  which  of  course  a[»pertains  to  any  and  to  all  of  the 
improvements  of  the  navigation  in  the  past,  and  for  the  future. 

Meanwhile,  during  the  progress  of  these  surveys  in  1867  and  1868,  in 
their  low- water  periods,  we  have  been  engaged  in  removing  snags,  logs, 
sunken  boats,  wrecks  of  steamers,  &c.,  thus  clearing  a  large  portion  of 
the  river  from  the  same,  and  to  that  extent  rendering  the  navigation 
more  safe.  And  during  the  same  season  we  have  prosecuted  those  minor 
improvements  along  the  stream,  designed  chiefly  to  improve  the  low- 
water  navigation  and  incidentally  to  make  it  better  and  safer  for  Qoal- 
fleets,  steamers^  &c. 

The  appropriations  being  comparatively  small,  we  were  obliged  to 
make  the  best  distribution  of  the  fund  that  the  circumstances  would 
allow.    Thus  last  year's  appropriation  for  the  entire  Ohio  Biver,  for  the 
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three  purposes  named,  was  only  eighty-flve  thousand  dollars.  If,  there- 
fore, we  had  attempted  to  apply  a  little  of  this  sum  to  every  point  on 
the  river  where  improvements  are  practicable,  it  would  have  been  all 
Mttered  away  without  the  accomplishment  of  any  practical  good; 
hence,  it  was  suggested  that  the  balance,  not  applicable  to  '^  surveys," 
and  "removing  obstructions,''  should  be  divided  at  a  few  points  on 
the  Upper  Ohio,  where  the  navigation  suffered  most  from  shoals  during 
the  low- water  periods.  Wheeling  Island,  Marietta  .Island,  and  other 
points,  heretofore  made  known  to  you,  were  found  to  be  worse  than 
many  other  places,  some  of  which  had  already  been  improved  by  the 
government,  and  they  were  accordingly  designated  as  points  deserving 
immediate  attention  on  that  account,  ahd  work  was  advertised  and  let. 

This  brings  me  to  the  point  I  desire  to  present.  If  the  government 
were  prepared  to  enter  immediately  upon  the  construction  of  works  for 
the  radical  permanent  improvement  of  the  entire  river,  any  material 
expenditures  for  the  minor  improvement  of  the  navigation  at  Wheeling 
Island  might  be  indefinitely  deferred. 

On  the  other  hand,  if  it  could  be  known  that  the  river  would  never 
receive  such  radical  improvement,  the  greater  would  be  the  necessity 
for  prosecuting  the  minor  improvements,  including  such  works  as  may, 
under  all  the  circumstances,  be  deemed  best  at  Wheeling  Island. 

Hitherto,  as  you  are  aware,  appropriations  toward  the  improvement 
of  the  Ohio  Kiver,  compared  with  other  national  expenditures,  have 
been  quite  limited,  so  that  the  fdnd,  when  divided  between  the  surveys, 
the  removing  of  obstructions,  and  actual  works  of  improvements,  has 
not  been  sufficient  to  warrant  the  commencement  of  works  excepting 
at  a  comparatively  few  places,  as  already  indicated. 

Thus  the  process  is  slow,  and  on  this  system  the  improvement  of  the 
river,  even  by  the  present  mode,  would  occupy  a  number  of  years.  We 
asked  for  larger  appropriations  than  have  heretofore  been  made,  in  the 
hope  of  pushing  forward  the  most  needed  works  simultaneously  at  all.' 
points  along  the  whole  river:  but  Congress  has  reduced  those  amounts, 
so  materially  that  we  have  oeen  obliged  to  confine  our  operations  to 
suit  the  small  sums  appropriated,  and  to  go  on  only  with  the  worst 
places,  as  they  show  themselves. 

For  the  reasons  included  above,  it  might  be  deemed  expedient  at  this. 
time  to  modify  the  plans  so  far  a«  they  may  properly  admit  of  it,  at 
those  points  where  the  proposed  works  appear  to  bear  hard  upon  impor- 
tant private  interests. 

In  the  case  of  Wheeling  Island,  however,  if  the  private  interests  on, 
the  Virginia  side  to  be  benefited  by  the  proposed  dam  were  to  be  com- 
pared with  the  private  interests  claimed  to  be  injured  on  the  Ohio.side,. 
they  would  appear  to  be  the  greater  of  the  two,  irrespective  of  the 
general  advantage  to  the  public  to  be  derived  from  the  improvement  o£ 
the  navigation.  I  do  not  refer  to  these  for  the  purpose  of  presenting  an 
argument  in  favor  of  overriding  or  overlooking  the  private  interests  on. 
the  Ohio  side,  but  merely  as  one  of  the  facts  belonging  to  the  case.  The 
people  of  Wheeling,  so  far  as  I  know,  have  taken  no  part  in  any  con- 
troversy concerning  the  proposed  dam.  Yet  they  are  materially  inter- 
ested in  the  imi)rovement  of  the  main  channel  adjacent  to  that  city,  both 
immediately  above  and  below  it.  In  low  or  moderate  stages  of  the 
water  regular  daily  steam  packets  ply  between  Wheeling  and  the  cities 
below  and  above.  There  is  a  tri- weekly  line  to  Cincinnati;- daily  line 
to  Parkersburg,  and  another  to  Sunfish,  &c.,  below  Wheeling;  and  to 
Pittsburg  and  Steuben ville,  above,  two  daily  lines;  the  business  of  which 
in  low  water  is  now  of  course  regulated  during  the  low- water  periods 
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by  the  shoalest  places  they  are  coinx>eIled  to  pass.  Thus  a  steamer  or 
a  barge  having  an  average  bearing  in  the  watex  of  150  by  30  feet^  carries 
110  tons  for  every  foot  of  depth  she  displaces^  and  an  improvement  ot 
even  6  inches  in  the  channel  depth  enables  her  to  carry  vO  tons  more 
freight.  The  advantage  of  being  able  to  ship  even  70  tons  more  freight 
on  each  barge  or  steamer  becomes  important  when  continued  through 
several  months  of  low  water,  to  a  city  situStted  as  Wheeling  is.  It  is 
true  that  the  people  generally  do  not  pay  attention  to  these  points.  Yet 
they  are  not  the  less  interested.  Even  the  river  men  themselves  are  not  in 
the  habit  of  close  investigation  of  the  subject,  yet  it  is  true  that  an 
improvement  of  one  foot  in  depth  along  the  Ohio  navigation  is  a  matter 
of  very  great  importance,  involving  material  b^efit  to  the  commerce 
of  the  country,  far  beyond  the  sums  expended  in  accomplishing  it. 

I  have  recommended  the  construction  of  a  low  dam  across  the  Ohio 
chute  at  the  head  of  Wheeling  Island,  believing  that  to  be  the  best 
method  of  improving  the  navigation  over  the  shoal  places  in  the  noiain 
or  only  channel  that  is  run  by  river  men ;  but,  viewing  all  the  circum- 
stances, my  opinion  is  that  for  the  present  it  may  answer  to  combine 
with  the  erection  of  a  stUl  lower  dam  dredging  of  the  bars,  so  as  not  to 
reduce  the  depth,  but  rather  to  increase  it  in  the  pool  at  the  head 
of  the  island. 

In  order  to  carry  this  plan  out  judiciously  and  economically  there 
should  be  some  discretion  to  be  exercised  respecting  the  quantity  of 
stone  to  be  put  in  at  the  head  of  the  island,  and  the  quantity  of  dredg- 
ing to  be  done  in  the  channel. 

The  estimated  quantity  required  in  the  dam,  and  for  which  a  contract 
exists,  is  6,000  cubic  yards.  A  less  quantity,  say  not  exceeding  4,000 
cubic  yards,  might  be  applied  to  a  dam  at  the  head  of  the  island, 
arranged  to  suit  the  case;  and  dredging,  say  to  the  amount  of  4,000 
cubic  yards,  made  in  the  channel. 

Upon  the  effect  of  this  work  would  depend,  to  some  extent,  the 
amount  of  work  required  to  perfect  the  channel  at  Burlington  bar, 
above. 

Under  the  circumstances  I  think  it  would  be  justifiable  to  authorize 
the  distribution  of  the  6,000  cubic  yards  of  stone  between  the  two  points, 
namely,  the  Ohio  chute  at  the  head  of  Wheeling  Island,  and  at  Burling- 
ton bar,  to  be  arranged  to  suit  the  case,  with  authority  to  dredge  to  the 
extent  of  not  exceeding  4,000  cubic  yards  in  the  main  channel,  on  the 
Virginia  side  of  WheeSng  Island. 

I  think  it  probable  that  in  this  way  we  may  improve  these  two  places 
without  materially  injuring  any  private  interests,  and  without  extra  cost 
to  the  government,  bringing  them  on  a  par  with  other  points  which 
have  already  been  improved.  Coupled  with  the  authority  to  dredge, 
and  keeping  in  mind  the  intimate  relation  between  Burlington  bar  at 
the  head,  and  Wheeling  Island  at  the  foot  of  the  same  point,  it  would 
be  advantageous  to  the  government  if  some  discretionary  power  could 
be  given  in  arranging  the  amount  of  riprap  and  dredging,  respectively, 
at  both,  to  be  exercised  during  the  progress  of  the  work, 
very  respectfully,  your  obedient  servant, 

W.  MILNOR  ROBERTS, 
U.  8.  Civil  Engineer  J  in  charge  Ohio  River  ImprovemenL 

Msy.  Gen.  A.  A.  Hithphbeys, 

Chief  of  Engineers  United  States  Army^ 

Headquarters  Corps  ofEngineerSy  WashingtaUf  D.  O. 
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If  2. 

Office  Ohio  Etvbb  Impbovement, 

Pittsburg^  Pa.j  February  15, 1869. 

Qenebal  :  In  obedience  to  instructions  from  Headquarters  Engineer 
Corps,  dated  October  21, 1868, 1  respectfully  submit  the  following  special 
report  on  the  subject  of  the  improvement  of  the  Ohio  Eiver  at  Mari- 
etta Island.  In  1868,  at  the  date  of  September  9^  I  had  the  honor  to 
recommend,  among  other  improvements  along  the  nver,  the  construction 
of  a  riprap  dam  across  the  Ohio  chute  at  the  head  of  Marietta  Island, 
for  the  purpose  of  increasing  the  depth  of  water  in  the  main  channel,  on 
the  Virginia  side.  Citizens  of  Marietta  having  remonstrated  against  the 
erection  of  the  dam  as  proposed  at  that  place,  I  have,  in  accordance  with 
my  instructions,  deferred  putting  any  stone  in  that  part  of  the  river. 

The  circumstances  which  led  to  the  present  report  will  more  fully 
appear  by  referring  to  letters  from  this  office  dated  October  16, 1868. 
Accompanying  this  report  is  a  chart  constructod  from  new  surveys 
ma^e  by  Mr.  Thomas  P.  Eoberts,  assistant  United  States  civil  engi- 
neer, assisted  by  Captain  George  W.  Rowley,  United  States  consulting 
pilot.  Proposals  were  received  for  furnishing  and  putting  in  the  riprap 
stone,  and  the  contract  was  awarded  September  28, 1868. 

No  work  has  been  authorized  excepting  quarrying  stone,  which  can 
be  made  applicable,  in  whole  or  in  part,  to  other  points,  and  especially 
to  Carpenter  Bar,  if  required. 

The  chart  shows  very  clearly  the  main  features  of  the  case,  and  will 
be  usefid  in  the  determination  of  the  question  respecting  tne  proper 
course  to  be  adopted. 

The  case  is  very  similar  to  that  at  Wheeling  Island ;  at  least  to  a  suf- 
ficient extent  to  warrant  particular  reference  to  my  special  report  on  the 
proposed  improvement  at  Wheeling  Island,  dated  February  12, 1869,  as 
containing  certain  general  views  equally  applicable  to  Marietta  Island. 
In  one  important  respect,  the  two  places  are  of  the  same  nature  j  for 
there  is  no  doubt  that,  independently  of  interest  at  the  city  of  Marietta, 
the  proper  method  of  improving  the  low- water  navigation  here  is  by 
throwing  a  riprap  dam  to  turn  the  water  at  a  three-feet  stage  (or  not 
exceeding  four  feet)  into  the  main  channel  on  the  left,  or  Virginia^  chute. 
The  fact  that  no  tributary  streams  of  consequence  enter  on  the  Virginia 
side,  and  that  the  Little  Muskingum  Biver,  Duck  Creek,  (a  considerable 
stream,)  and  the  Big  Muskingum  Eiver  on  the  Ohio  side,  in  times  of 
freshets  contribute  large  amounts  of  drift  and  sand  to  obstruct  the  chan- 
nel, points  clearly  to  the  Virginia  chute  as  the  natural  and  best  channel, 
especially  in  coal-boat  stages,  when  there  may  be  eight  or  ten  feet  water 
in  the  channel. 

But  the  i)eople  of  Marietta  remonstrate  against  the  building  of  the 
proposed  dam  across  the  h^ad  of  the  Ohio  chute,  claiming  that  it  will 
seriously  injure  their  harbor,  and  the  general  interests  of  the  city. 

It  may  be  true  that  a  dam  put  across  the  Virginia  chute^  by  throwing 
all  the  water  of  the  river  at  and  below  a  four-feet  stage  mto  the  Ohio 
chute,  would  improve  the  navigation  on  the  Ohio  side,  and  that  possibly 
it  might  help  the  harbor  at  Marietta,  to  a  certain  extent;  though  it  is 
obvious  that  it  would  at  the  same  time  destroy  the  low- water  channel  on 
the  Virginia  side,  which  ^  for  the  reason  already  assigned,  may  properly 
be  regarded  as  the  mam  channel  of  the  Ohio  Eiver.  My  judgment, 
therefore,  is  decisively  adverse  to  closing  the  Virginia  chute,  and  in 
favor  of  closing  the  Ohio  chute,  to  the  extent  indicated,  if  a  dam  is  to 
be  built  across  either  chute.  ' 
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The  plan  of  improvement  to  be  carried  out  at  Marietta  Island  will,  to 
some  extent,  affect  the  proposed  work  for  the  improvement  of  the  navi- 
gation at  Carpenter's  Bar,  one  and  a  half  mile  above.  As  snggested  by 
Oaptain  Sanders  and  Captain  Hughes  many  years  ago,  the  raising  of 
the  pool,  above  Marietta  Island  by  means  of  a  dam  across  one  of  the 
chutes,  will  have  the  effect  of  deepening  and  improving  the  water  at 
Carpenter's  Bar ;  and  owing  to  the  shape  of  the  stream^  it  is  believed 
tiiat  a  dam  on  the  Ohio  chute  would  have  a  better  effect,  in  this  respect, 
tiian  if  it  were  on  the  Virginia  chute. 

VIBGINIA  CHTJTB. 

The  usual,  and  ordinarily  the  best  channel  is  now  down  the  left  or 
Virginia  chute.  It  is  shorter,  broader^  and  of  the  two  the  more  naturaL 
The  shoals  which  now  impede  navigation  on  the  left  chute  occur  at  two 
points,  above  Davis's  Bun,  and  at  Sutton's  Bun,  near  each  other,  at  the 
head  of  the  chute.  The  bottom  is  gravel,  exempt  from  sand  fillings,  such 
as  exist  along  the  Ohio  chute,  and  snags,  &c.,  do  not  settle  in  it  as  they 
do  in  the  Ohio  chute. 

OHIO  CHUTE. 

For  the  first  half  mile,  from  the  head  down,  this  chute  is  the  deeper  of 
the  two ;  but  snags,  &c.,  thrown  out  from  the  Little  Muskingum  River, 
which  enters  above  the  island,  often  render  the  navigation  dangerous  on 
that  account. 

At  the  end  of  the  first  half  mile  begin  the  sand-bars,  of  a  shifting, 
changeable  nature,  which  take  off  from  one  foot  to  two  feet  or  more  of 
the  navigable  depth  elsewhere  available  at  about  an  eight-feet  stage. 
There  have  been  times,  at  an  eight-feet  stage,  when  boats  drawing  six 
feet  could  not  pass  Duck  Creek.  This  sand,  however,  as  the  river  &Ils, 
runs  off,  leaving  channels,  so  that  after  a  long  season  of  what  is  called 
"dead  low  water"  this  chute  sometimes  has  better  water  than  the  other. 
This  occurs,  however,  when  the  river  trade  is  also  "  dead  low"  or  at  its 
minimum,  on  account  of  general  low  water. 

Dredging  of  these  sand-bars  would  be  only  a  temporary  remedy,  requir- 
ing to  be  repeated  after  heavy  freshets  in  the  Little  Muskingum  and 
Duck  Creek. 

On  the  Ohio  chute,  the  channel  is  v^y  crooked  at  the  foot  opposite 
the  city  of  Marietta,  just  above  the  mouth  of  the  Big  Muskingum.  The 
jetty,  built  some  years  ago  by  the  city,  firom  the  foot  of  the  island  down 
stream,  was  intended  to  increase  the  depth  and  improve  the  channel 
and  the  city  harbor,  and  it  has  no  doubt  had  some  effect. 

Dredging  has  also  been  resorted  to  at  the  city  expense,  and  dredging 
may  temporarily  improve  the  navigation  in  that  vicinity.  But  the  ope- 
rsiting  causes,  namely,  the  general  shape  of  the  river,  the  position  of  the 
island  and  of  the  city,  and  the  entrance  of  the  three  considerable  tribnta- 
ries  on  that  side  of  the  river,  may  be  regarded  as  permanent,  and  as 
always  tending  during  floods  to  reproduce  the  same  result — sand-bars. 
My  opinion  is,  therefore,  that  no  work  of  that  character  at  the  lower 
end  of  the  island,  opposite  the  city  of  Marietta,  can  make  any  permanent 
material  improvement  of  the  general  navigation  of  the  Ohio  Eiver  at 
Marietta  Island,  and  that  consequently  it  would  not  be  advisable  tor  the 
government  to  enter  specially  upon  it.  Whatever  might  be  done  in 
that  way  could  only  be  considered  as  chiefly  a  local  improvement  of  the 
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harbor  of  Marietta,  though  incidentally  it  might  temporarily  improve 
the  passage  for  vessels  desiring  to  ran  the  Ohio  chute. 

The  shoals  at  Marietta  Island  and  at  Carpenter's  Bar,  now  afford,  in 
low  stages  of  the  river,  more  than  a  foot  less  depth  than  Petticoat  Bar, 
(one  of  our  improved  points,  which  was  formerly  much  worse,)  and  nearly 
a  foot  less  than  points  up  to  Wheeling  Bar,  and  doton  elsewhere  on  the 
river.  A  large  profitable  freight  business  can  be  done  at  four  feet,  while 
with  a  foot  less,  the  tonnage  carried  must  be  reduced  one  hundred  and 
forty  tons  on  a  Doat,  displacing  one  hundred  and  fifty  by  thirty  feet,  as 
shown  in  my  special  report  on  Wheeling  Idand. 

It  is  not  certain  that  the  construction  of  a  low  dam  on  the  Ohio  chute 
at  the  head  of  Marietta  Island  will  do  any  serious  injury,  or  any  injury 
to  the  river  business  of  Marietta.  At  low  water  Marietta  is  now  out  of 
the  line  of  the  usual  channel  for  steamers,  &c.,  passing  aJong  the  river, 
which  do  not  have  occasion  to  stop  at  that  port;  and  those  which  touch 
that  port  do  so  when  coming  down  by,  rounding  to,  and  passing  around 
the  jetty  to  the  wharf  boats;  while  those  which  touch  on  their  upward 
passage  pass  out  to  the  main  channel  by  the  same  route,  as  indicated 
by  the  red  lines  on  the  chart. 

At  Harmar,  on  the  opposite  side  of  the  mouth  of  the  Big  Muskingum 
Biver,  steamers  can  always  land  without  difficulty  when  they  can  run 
to  Marietta,  either  from  above  or  from  below. 

Beferring  to  the  general  remarks  contained  in  my  special  report  on 
Wheeling  Island,  dated  February  12, 1869,  for  views  having  nearly  the 
same  bearing  upon  this  case,  I  would  respectfully  suggest  that  we 
might  test  the  effect  of  a  very  low  dam  on  tibe  Ohio  chute  at  the  head 
of  Marietta  Island,  in  combination  with  a  dam  at  Carpenter's  Bar,  and  a 
small  amount  of  dredging  at  each  place — ^that  is,  in  the  Virginia  chute  at 
Marietta  Island  and  at  Carpenter's  Bar — ^without  increasing  the  quantity 
of  stone  contracted  for,  but  by  the  addition  of,  say,  three  thousand  cubic 
yards  of  dredging  at  Marietta  Ishmd  and  two  thousand  cubic  yards  of 
dredging  at  Carpenter's  Bar. 

With  a  little  discretionary  power  authorized  to  be  exercised  at  these 
two  points,  we  may  succeed  in  bringing  the  low-water  navigation  here  on 
a  par  with  other  places  we  have  improved,  without  material,  if  any, 
injury  to  private  interests.  And  if  the  people  of  Marietta  become 
aware  that  it  is  our  anxious  desire  to  do  nothing  that  will  injure  their 
harbor^  they  will  acquiesce  in  our  plans,  and  perhaps  join  with  us  in 
executmg  them. 

K  some  discretionary  power  at  this  particular  locality  (Marietta  Island) 
could  be  made  to  cover  excavation  of  sand  or  gravel,  or  removal  of  old 
riprap  material  that  might  be  found  necessary  to  perfect  the  general 
navigation  opposite  the  city  of  Marietta,  in  conjunction  with  efforts  of 
the  citizens  toward  the .  improvement  of  the  channel,  it  might  prove  to 
be  advantageous  botJii  to  the  people  of  Marietta  and  to  the  general  nav- 
igation interests. 

In  regard  to  stone,  quarried  and  delivered  along  the  river  bank,  and 
even  after  it  is  put  into  dams,  in  case  of  any  radical  change  hereafter  in 
the  system  of  improvement,  the  material  will  be  conveniently  available 
on  any  works  where  such  stone  may  be  required. 

The  bulk  of  all  the  work  that  has  been  done  in  improving  the  low- 
water  navigation  consists  of  riprap  stone,  which  at  a  small  expense  can, 
whenever  it  may  be  necessary,  be  removed.  At  present,  however,  there 
is  no  stone  quarried,  but  such  as  we  expect  to  use  during  this  season. 

In  conclusion,  keeping  in  view  all  ^e  circumstances  of  the  localities 
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of  Marietta  Island  and  Carpenter's  Bar,  I  recommend  that  such  diacre- 
tionary  power  be  given  as  you  may  think  proper  to  confer. 
Very  respectfully,  your  obedient  servant, 

W.  MILNOE  EOBEETS, 
U*.  &  Civil  Engineer  J  in  charge  Ohio  Biver  Imj^ovemaU. 

Mig.  Oen.  A.  A.  Huhphbsys, 

Chi^  of  Engineers  United  States  Armjfj 

Headquarters  Corps  of  Engineers  j  Waskitigtqnj  J).  O. 


Apfesxdjx  O. 


XJioTED  States  Enoinxseb  Qspige, 

BdUimorey  Md.,  October  7, 1809. 

OEMEBAii :  I  have  the  honor  to  make  the  following  report  of  operations 
on  the  river  improvements  under  my  charge  for  l£e  year  ending  June 
30, 1869. 

PATAPSGO  BIVEB  IBIPBOVEMENT. 

The  three  dredging  machines,  the  Patapsco,  Potomac,  and  Chesa- 
peake, with  their  scows,  three  to  each  machine,  with  the  steam-tag 
Eobert  Leslie  to  convey  the  scows  to  the  places  of  deposit,  wese 
engaged  firom  the  1st  of  July  to  the  1st  of  November,  1868,  in  deei>eiiing 
and  widening  the  new  or  Graighill  channel,  principally  at  its  lower  end. 
At  this  date,  on  account  of  rough  weather,  the  dredges  were  removed  to 
upper  entrance  of  Brewerton,  where  they  were  efficiently  engaged  till 
the  10th  of  December,  when,  on  account  of  the  severity  of  the  weather 
precluding  an  economical  prosecution  of  the  work,  they  were  withdrawn, 
and,  with  the  scows  and  tug,  placed  in  a  place  of  security  for  the  winter, 
and  all  hands  discharged  except  the  master  of  the  tug,  retained  as 
superintendent  of  watchmen,  and  one  watchman  for  each  of  the  four 
dredges,  including  the  Susquehanna. 

» 

Material  removed  from  the  Graighill  channel  from  July  1,  cubic 

yards 76,  MO 

Material  removed  from  Brewerton  channel,  cubic  yards 15, 000 

Preparatory  to  the  commencement  of  operations  during  the  present 
season  of  1869,  the  steam-tug  Bobert  Leslie  was  repaired  in  the  month 
of  March,  and  in  the  montili  of  May  the  three  dredges,  the  Patajisoo, 
Potomac,  and  Chesapeake,  on  account  of  it^  decayed^  worn-out  condition, 
required  its  complete  removal,  and  the  substitution  of  the  crane  of 
the  dredge  Susquehanna. 

On  the  4th  of  June,  dredging  of  the  Graighill  channel  was  resumed 
and  operations  prosecuted  vigorously,  the  tug  Leslie,  three  dredges,  and 
nine  scows  all  being  engaged.  At  the  end  of  August  the  dredge  Patapsco 
was  removed  to  the  bar  of  the  Brewerton  channel,  just  to  the  eastward 
of  a  line  connecting  North  Point  upper  light  and  Seven-foot  EInolI  light 
On  the  17th  of  September  the  dredge  Chesapeake  was  removed  to  a  bar 
in  the  Brewerton  channel,  about  one-quarter  of  a  mile  above  the  Patapsco, 
and  on  the  30th  of  the  same  month  the  Potomac  was  removed  to  Uie 
same  bar. 

This  season's  work,  since  June  4  to  30th  of  September  ultimo,  has 
been  the  removal  of  63,635  cubic  yards  of  material  from  the  Graighill 
channel,  and  of  7,680  cubic  yards  from  the  Brewerton  channel 
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The  Craighill  channel  has  been  thoronghly  examined  from  its  point 
of  divergence  from  the  Brewerton  channel  to  its  lower  end,  a  distance 
of  six  nules,  and  for  a  width  of  two  hundred  feet,  and  it  is  believed 
there  is  not  the  slightest  obstruction  to  vessels  passing  through  it 
drawing  less  than  twenty-one  feet,  there  being  this  depth  of  water  at 
mean  low  tide.  The  mode  of  searcning  for  the  lumps  and  little  hillocks 
was  novel,  and  it  is  believed  to  nave  been  more  effectual  than  by  the 
ordinary  use  of  the  lead.  It  consisted  of  two  poles  loaded  at  bottom  and 
provided  with  an  iron  shoe  turned  up  at  the  ends  so  as  to  slide  over  the 
bottom  of  the  channeL  One  of  these  poles  was  placed  vertically  on 
either  side  of  the  tug,  a  little  in  advance  of  midship,  and  held  in  position 
by  guy  ropes  attached  near  the  lower  end  of  the  poles  and  made  fast  te 
the  steamer  in  front,  and  abaft  the  poles.  The  poles  being  marked  in 
feet,  were  set  to  the  proposed  depth  erf  the  channel,  (twenty-two  feet,)  and 
then  thfe  search  was  made  by  the  tugs  moving  slowly  ten  times  up  and 
down  the  channel,  at  the  prox)er  distance  each  time  firom  the  edge  of  the 
channel.  Of  course  by  this  arrangement  the  channel  was  quite  thoroughly 
swept,  and  every  lump  or  knoll  would  be  indicated  by  the  rising  of  the 
pole,  and  the  exact  depth  shown  on  the  pole  te  which  the  channel  at 
those  points  should  still  be  dredged.  This  test  having  been  applied 
and  showing  no  lumps  or  other  obsturctions  to  a  depth  of  twenty-one 
feet  below  mean  water,  it  is  believed,  as  before  stated,  that  this  depth 
may  now  be  safely  assumed  as  being  available  in  every  portion  of  the 
channel.  Before,  however,  advertising  the  channel  as  open  for  vessels 
drawing  less  than  twenty-one  feet,  I  propose  to  examine  still  more 
tiioroughly  the  bay  just  below  the  mouth  of  the  channel  to  see  that 
there  are  no  oyster  banks  in  that  vicinity  on  which  vessels  might 
ground.  It  is  believed  that  none  exist,  but  still  prudence  dictates  that 
this  course  should  be  observed. 

Amount  available  July  1, 1868 $3,982  84 

Amount  of  appropriation  of  July  25,  1868,  appropriated 

to  this  work  by  Engineer  Department  July  30, 1868 17, 000  00 

Amount  of  appropriation  of  April  10,  1869,  appropriated 

to  this  work  by  Engineer  Department  May  11, 1869 27, 000  00 

47. 982  84 
Amount  expended  from  July  1, 1868,  to  June  30, 1869 ...      26, 056  65 

Amount  available  for  expenditure  during  the  year  ending 
June  30, 1870 21, 926  19 


Amount  required  to  widen  the  Brewerton  channel  from 
Port  McHenry  to  its  intersection  with  the  Craighill 
channel  to  a  width  of  two  hundred  feet  and  a  depth  of 
twenty-two  feet,  as  estimated  for  by  Colonel  Craighill  in  his 
report  of  January  15, 1867 $168,900  00 

Appropriation  required  for  the  year  ending  June  30, 1871.      75, 000  00 

SUSQUEHANNA  BIVEB  DCPBOVEMENT. 

Since  the  date  of  last  annual  report,  the  temporary  structure  or 
^^  deflector"  was  strengthened  and  stiffened,  as  suggested  hi  that  report, 
and  the  line  was  again  occupied  by  the  aeflector  early  in  November. 
It  remained  in  action  for  about  one  week,  when  a  violent  wind  storm, 
combined  with  a  rise  in  the  river,  again  disrupted  it  in  several  places. 


376  BEPOBT  OF  CHIEF  OF  ENGINEERS. 

« 

DnriDg  the  short  time  in  which  it  remained  uninjured,  however,  a 
marked  effect  was  produced  on  the  **  upper  cut,"  (or  dredged  channel,) 
and  the  direction  of  the  current  leaving  the  deflector,  was  in  the  line 
required,  ahd  expected  to  produce  a  proper  effect  below. 

As  this  structure  was  originally  intended  only  to  demonstrate  tbe 
effect  of  an  obstruction  at  the  point  selected,  and  the  correctness  of 
alignment,  and  as  these  objects  were  effected,  (at  least  partially,)  tbe 
mateiial  of  the  deflector  was  withdrawn  to  a  sheltered  position  near  the 
river  bank,  and  has  since  remained  in  that  condition  under  proper  care 
and  guardianship. 

In  view  of  the  commercial  importance  of  this  harbor,  I  would  suggest, 
in  the  event  of  any  permanent  works  being  contemplated  for  its  improve- 
ment, that  the  object  be  ett'ected  by  a  line  of  submerged  cribe 
of  timber  and  stone  placed  along  or  near  the  line  occupi^  by  &e 
deflector  last  season.  These  cribs  would  be  located  at  intervab  of 
about  two  or  three  times  their  breadth ;  their  tops  always  submerged 
would  avoid  all  danger  of  injury  by  ice  or  logs  during  freshets,  and  the 
retardation  of  the  current  produced  by  them  would  cause,  I  think,  sndi 
a  deposit  of  sedimcAt  as  would  in  a  few  years  produce  a  continuous  bar 
along  the  line,  which  would  effect  the  change  of  flow  as  desired. 

It  is  estimated  that  the  cost  of  these  cribs  would  be  about . .    $40, 000  00 
From  which  deduct  the  available  value  of  timber  now  on 
hand  in  deflector,  say 8, 000  00 

The  total  cost  for  completed  work  would  be 32, 000  00 


Amount  available  July  1, 1868 $13, 600 

Amount  of  appropriation  of  July  25, 1868,  appropriated  to 

this  work  by  Engineer  Department  October  13, 1868. . .  5, 000  00 
Amount  of  appropriation  of  April  10, 1869,  appropriated  to 

this  work  by  Engineer  Department  May  28, 1869 1, 000  00 

Amount  derived  firom  sales  of  property  during  the  year. .  -  534  40 

20,038  35 
Amount  expended  from  July  1, 1868,  to  June  30, 1869 18, 725  S5 

Amount  available  for  expenditure  during  the  year  ending 
June  30, 1870 1,312  50 

Very  respectftilly,  your  obedient  servant, 

J.  H.  SIMPSON, 
Col.  Engineers  a/nd  Bvt  Brig,  Oen.  U.  8.  A. 

Bvt.  Maj.  Gten.  A.  A.  Humphreys, 

Chief  of  Engineers  U.  9.  A.,  WaakingUm^  D.  0. 


« 


Appendix  P. 


United  States  ENaiNEEE  Office, 

Philadelphia^  July  22, 1869. 

Sib:  In  accordance  with  the  requirements  of  circular  of  the  12th  of 
June,  1869,  from  the  office  of  the  Chief  of  Engineers,  Washington,  D.  C^ 
I  have  the  honor  to  transmit  herewith  annual  reports  for  the  following 
works  of  river  and  harbor  improvement  under  my  charge  for  the  fiscal 
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year  ending  June  30,  1869,  viz:  Delaware  breakwater,  Delaware;  im- 
proving harbor  at  Marcus  Hook,  Pennsylvania. 

It  will  be  seen  the  amount  oi  revenue  collected  at  the  port  of  Wil- 
mington, Delaware,  is  not  given  as  required.  On  the  6th  instant, 
letters  of  inquiry  on  that  point  were  sent  to  the  collectors  of  the  ports 
of  Philadelphia  and  Wilmington.  On  the  7th  instant  the  desired  infor- 
mation was  received  from  the  former  official,  by  letter,  dated  the  6th 
instant. 

No  answer  having  been  received  from  the  collector  of  Wilmington,  on 
the  19th  instant  a  second  letter  of  inquiry  was  sent  him.  Thus  far  he 
has  not  replied  to  either  communication.  Should  he  send  the  desired 
information,  it  will  be  forwarded  for  insertion  in  the  two  reports  at  the 
earliest  moment  practicable. 

An  abstract  of  proposals  for  stone  and  of  contract  for  same,  for  Dela- 
ware breakwater,  is  transmitted  also — ^in  all  three  papers. 

I  have  the  honor  to  be,  sir,  very  resx>ectfully,  your  obedient  servant, 

0.  SEAFOBTH  STEWART, 

Lieut.  Col,  of  Engineers. 

Bvt  Maj.  Gten.  A.  A.  Hijmphbbts, 

Chief  of  Engineers  U.  8.  A.,  Washington^  D.  0. 


Beport  of  progress  made  in  the  repair  and  construction  of  the  Delaware 

breakwater  during  the  year  ending  June  30, 1869. 

From  July  1, 1868,  operations  were  carried  on  with  a  moderate  force, 
the  labor  of  receiving  and  placing  in  position  the  large  stones  of  the 
superstructure  being  performed  by  days'  work,  the  contractor  for  such 
labor  having  failed  to  comply  with  his  contract.  The  stone  was  fur- 
nished by  Messrs.  Barker  &  Bod  well,  from  their  quarries  in  Delaware, 
Maine,  and  Massachusetts,  up  to  the  6th  of  October,  when  their  contract 
was  fuimied. 

Proposals  for  stone  for  the  completion  of  the  works  having  been 
invited  and  received,  previous  to  that  day,  a  contract,  which  was  duly 
approved,  was  entered  into. on  tiie  12th  of  September,  1868,  with  the 
lowest  bidders,  Messrs.  A.  O.  &  J.  O.  Deshong,  jr.,  and  John  G.  Leiper, 
to  fiimish  all  the  stone  that  should  be  required,  from  the  old  breakwater 
quarries  under  their  control  near  Chester,  Pennsylvania.  They  were  to 
begin  shipping  stone  early  in  October,  and  sent  during  that  month  some 
242  perches  of  small  stones,  but,  as  they  stated  they  were  unable  so  late 
in  the  season  to  procure  proper  vessels,  it  became  necessary  to  suspend 
operations  by  the  end  of  that  month. 

Work  was  resumed  in  the  latter  part  of  April,  1869,  but  no  large  stones 
were  received  under  the  new  contract  until  the  10th  of  May,  since  which 
day,  up  to  the  30th  of  June,  1869,  steady  and  satisfactory  progress  has 
been  made. 

During  the  fiscal  year^  9,040  tons  of  large  stone  for  the  superstructure 
were  received  and  put  m  position  on  the  breakwater  and  ice-breaker, 
completing  217  running  feet  at  the  east  end  of  the  former  work,  and  281  at 
the  eajst  end  of  the  latter. 

Some  5,263  perches  of  smaU  stones  were  thrown  overboard  at  the 
extremities  of  the  breakwater  proper,  to  protect  the  foot  of  the  slopes, 
and,  in  part,  fill  holes  excavated  there  by  the  action  of  the  water,  and 
3,766  perches  at  the  ends  of  the  ice-breaker  for  the  same  object. 
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In  all,  about  2,430  ranning  feet  of  the  superstructure  of  the  breakwater 
are  now  finished  on  the  old  base,  leaving  120  feet  to  be  raised  to  the  foU 
height  to  complete  that  work. 

On  the  ice-breaker,  about  646  running  feet  of  the  8ui)er8tructure  hare 
been  raised  to  the  full  height,  leaving  at  the  east  end  240  feet  still  unfin- 
ished, and  between  the  middle  of  the  work  and  the  west  end  (which  is 
finished)  about  476  feet,  to  be  raised  yet  about  3  feet.  To  complete  this 
work  on  the  old  base,  therefore,  about  715  running  feet  of  the  super- 
structure are  to  be  constructed. 

Two  new  surf  boats  have  been  built  for  the  works,  also  a  new  crane 
and  portable  steam  hoisting  engine,  which  are  Just  ready  for  use,  on  the 
ice-breaker;  with  these,  if  the  contractors  can  be  made  to  supply  the 
stone  rapidly  enough,  and  political  partisans  do  not  succeed  in  gettmg 
control  of  the  work,  to  the  utter  demoralization  of  the  employes  and  the 
detriment  of  the  funds  of  the  United  States,  it  is  hoped  both  the  break- 
water and  ice-breaker  may  be  completed  this  season,  or,  at  the  latest, 
during  the  fiscal  year  ending  June  30, 1870,  with  the  funds  still  available. 

EXPENDITURES  TO  JUNE  30,  1869. 

Paid  for  stone,  to  Barker  &  Bod  well $26, 747  55 

Paid  for  stone,  to  A.  O.  &  J.  O.  Deshong,  jr.,  and  John  0. 
Leiper 34,825  H 

Total  paid  for  stone  during  the  year 61, 573  09 

Total  paid  for  machinery,  cranes,  engines,  blocks,  rope, 

chains,  boats,  buoys,  &c 5, 277  81 

Total  paid  for  services  of  mechanics  and  laborers 7,  273  34 

Oontingent  expenses,  superintendent,  inspectoi's  ofiOioe,  &c . .  6, 673  43 

Total  expended  during  the  year 80,  797  57 

Expended  years  ending  June  30, 1867,  and  1868 , . . .      62, 943  35 

Total  expended  from  appropriations  to  June  30, 1869 143,  740  92 

OftBh  received  during  the  year $75, 856  ©5 

In  the  treasury  July  1, 1869 78, 603  70 

Due  from  the  United  States  July  1, 1869 $4, 940  92 

Due  contractors  for  stone  received,  not  paid 

for 10,761  08 

15, 702  CO 

Available  for  the  year  ending  June  30, 1870 62, 901  70 

Amount  that  can  be  profitably  expended  during  the  year 
ending  June  30, 1870 $62, 901  70 

Ko  appropriation  is  asked  for. 

The  breakwater  is  located  in  the  collection  district  of  Delaware.  The 
nearest  port  of  entry  is  Wilmington,  Delaware.  There  is  a  light-house 
upon  the  breakwater  and  others  on  Cape  Henlopen.^ 

Fort  Delaware  is  the  nearest  fort. 

The  amount  of  revenue  collected  at  Wilmington  during  the  fiscal  year 
is  reported  as  $ . 

The  following  table,  taken  from  such  imperfect  records  as  have  been 
kept  from  time  to  time,  gives  the  number  of  vessels  of  each  class  avail* 
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ing  themselves  of  the  breakwater  during  the  different  periods  therein 
specified: 


T'M. 

Ships. 

Barks. 

Brigs. 

Schoon- 
ers. 

Sloops. 

PUot 
boats. 

Stesm- 
ers. 

TotsL 

Bemarka. 

1833 
1834 
1835 
1836 
1837 
1838 
1839 
1840 
1841 
1842 
1843 
1844 
1845 
1846 
1847 
1848 
1840 
1854 
1856 
1056 
1857 
1858 
1863 
1863 
1864 
1865 
1866 

Kaor 

1868 
1809 

89 

48 
133 
301 
937 
165 
165 
179 
111 
107 
103 
931 
965 
958 
349 
340 
389 

35 

65 
116 

79 
6 

55 
931 
931 
974 

98 

lis 

69 
19 

"947' 
940 
495 
331 

34 
939 
345 
308 
378 
937 
990 
446 

84 

178 

315 

569 

1,037 

478 

733 

504 

979 

909 

1,060 

841 

909 

1,042 

1.095 

1,937 

1,457 

804 

1,085 

855 

1,069 

981 

78 

879 

1.040 

1.155 

1,179 

694 

895 

908 

941 

378 
667 
1.719 
8,719 
8,777 
3,191 
3,561 
1,909 
3»916 
5,335 
4,981 
5^797 
5,446 
6,711 
7,743 
6,037 
8,961 
5,098 
6,806 
6,195 
5^348 
1.030 
8,087 
7,093 
7,781 
6,056 
6,747 
6,000 
8,373 
8.797 

167 
303 
461 
680 
639 
765 
734 
308 
500 
803 
1,167 
854 
597 
614 
358 
374 
168 
90 
198 
856 
313 
174 
953 
951 
189 
90O 
999 
307 
905 
301 

197 

411 
644 
767 
738 
685 
697 
371 
483 
794 
799 
744 
776 
781 
874 
918 
553 

........ 

943 
986 
990 
38 
946 
.347 
999 
378 
316 
979 
884 
173 

806 

1,744 
3.536 
5.434 
4,843 
5,533 
5,661 
3.039 
6.003 
81 098 
7.884 
8,506 
8,196 
*  9,009 

11,953 
9,196 
5,115 
6,669 
8,339 
8,970 
7,177 
1,360 
9,750 
9,306 
9,963 
8,468 
8,311 
9,814 

10,378 
4,614 

Flram  Sept.  1,  Ineliisii^ 
July  1  to  Oot  17,   not 
rocorded. 

To  Jtme  3,  inclnalTe. 
From  May  1. 

Tnok  Apr.  1,  inchui^M. 

To  Mar.  31,  inolosiTe. 
From  Feb.  1,  inelaaii«. 

To  Jane  30,  Inolaaiye. 

Total 

4,633 

3,504 

95.701 

U6,463 

19,391 

11, 149 

3,316 

907,867 

If  correct,  207^67  days'  shelter  have  been  afforded  vessels  of  all  classes^ 
by  these  works;  upon  an  average,  therefore,  for  each  recorded  day  oi 
these  thirty  years,  twenty-one  vessels  have  used  this  harbor. 

Abstracts  of  proposals  and  of  contract  for  stone  are  transmitted 
herewith. 

It  is  thought  injuries  to  the  works,  from  storms  and  ice,  may  possibly, 
in  the  course  of  fifteen  yeaiS|  require  Sor  repairs  an  appn^riatian  of 
122,600. 

Bespectfully  submitted. 

C.  SEAFOBTH  STEWAET, 

Xdeut  OaL  ofUngimeri. 

Philadelphu,  Pa.,  July  20;  1869. 


Ahetract  of  proposals  for  stone  for  Delaware  hreahBOter, 


Ko. 


1 
9 

3 

4 
5 
6 

7 
8 


ISTame  of  biddora. 


James  W.  Andrews , 

James  Armatcong  and  Petar  Qnlan 

Henry  McUvain 

Bichmond  G-ranite  Company 

Conahobocken  Stone  QiiarTy  Company 

A.  0.  and  J.  O.  Besbong,  Jr.  and  John  C.  Leiper 

Jos.  Wescott  &Son 

Henry  Barker  and  Jos.  B.  BodweU 


First  class. 

Second  olass. 

Per  ton. 

Per  ton, 

Pnpersk, 

(8,840  lbs.) 

(8,840  lbs.) 

(a5oiib.ft.) 

14  85 

$4  85 

♦S3 

39/ 

3T4 

670 

4  10 

3  19 

385 

485 

3  75 

699 

464 

809 

484 

389 

880 

310 

400 

375 

568 

309 

3  49 

583 

Philadelphia,  Pa. 
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Lieut  OqI.  ofEnffiMen. 
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Abstract  of  contract  for  stone  for  Detavfore  IreakuHtter. 


Contraotors. 

First  class. 

Second  class. 

A.  O.  and  tT.  O.  Doffhonir.  1r.  and  tTohn  0.  Lr«iD6r ,,,^^,.,--, 

Per  ton. 
•3  89 

Per  ton. 
#3  89 

P^ptrtiL 
$3  IB 

Philadelphia,  Pa. 
Report  of  progress  made 


0.  SEAFORTH  STEWART, 

Lieut  Col,  of  JEngineers, 


*^s  made  in  improving  harbor  at  Marcus  HooJc^  Pennsplva- 
niaj  during  the  year  ending  June  30, 1869. 

Since  July  1, 1868,  operations  on  the  crib- work  for  the  new  piers  have 
been  progressing  very  slowly.  One  crib  has  been  constructed  in  party 
and  put  in  position,  but  has  not  yet  been  filled  and  sunk  to  hard  bottom; 
a  second  has  been  put  in  position,  and  is  ready  for  its  platform ;  the 
platforms  have  been  put  in  the  remaining  two,  which  are  now  ready 
to  receive  the  superstoicture. 

Owing  to  the  inattention,  mismanagement,  and  bad  faith  of  the  con- 
tractor for  crib- work,  Abraham  P.  Eyre,  full  two  years  have  been  wor- 
ried away  in  completing  two  out  of  four  cribs.  According  to  his  promisee, 
of  which  he  has  always  been  remarkably  profuse,  he  was,  after  the 
extension  of  time  granted  last  year,  to  have  finished  all  the  crib-work 
that  season.  It  is  now  possible  he  may  complete  the  two  unfinished 
during  the  present  year.  The  other  contractors  have  been  much  annoyed 
by  Mr.  Eyre's  tardy  proceedings  and  have  made  but  little  headway,  con- 
sequently, in  their  preparations.  As  the  wages  of  stonecutters  have 
been  raised  considerably  since  they  contracted  for  the  stone  work,  while 
Mr.  Eyre  has  been  delaying  them,  they  may  yet  fail  to  fulfill  their  con- 
tracts. It  is  expected,  however,  that  the  construction  of  the  super- 
structure of  one,  or  both,  of  the  finished  cribs  will  be  begun  during  July, 
1869.  While  these  are  under  construction,  the  rest  of  the  crib-work 
may  be  finished,  and  it  is  hoped  the  stone  work  of  the  piers  may  be 
during  the  season. 

During  the  year  4,944  feet  face  of  timber  have  been  expended  on  the 
crib^work,  and  4,605  pounds  of  bolts;  4,791  pounds  of  bolts  and  dowels 
for  cribs  and  for  superstructure  are  on  hand.  In  filling  and  sinking 
the  cribs  to  hard  bottom,  3,183^  perches  of  rubble  stone  have  been 
received  and  expended. 

EXPENBITUBES. 

Iron  bolts  and  dowels $1, 066  13 

Rubble  filling  stone 3, 494  40 

Labor  on  crib-work 1, 298  85 

Contingent  expenses  inspectoi's  office,  &c 3, 180  35 

Total  expended  during  year  ending  June  30, 1869 9, 039  73 

In  hands  of  agent  June  30, 1869 9, 725  79 

Total  in  his  hands  during  the  year 18, 765  62 

Of  which  (18,000  were  drawn  from  the  Treasury,  and  $765  52  balance 
from  preceding  year. 
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In  Treasury  June  30, 1869 $52, 950  00 

In  hands  of  agent  June  30, 1869 $9,  725  79 

Due  retained  &om  contractors  June  30, 1869.        3, 654  44 

6, 071  35 

AvaUable  for  year  ending  June  30;  1870 59,021  35 

Can  be  profitably  expended  during  year  ending  June  30, 

1870 * $59, 021  35 

ISo  appropriation  is  asked  for. 

Marcus  Hook  is  situated  in  the  collection  district  of  Philadelphia. 
The  nearest  port  of  entry^  light  house  and  fort,  are,  respectively,  Wil- 
mington, Delaware,  Christiana  light,  and  Fort  Mifflin. 

The  amount  of  revenue  received  at  Wilmington  during  the  past  fiscal 
year  is  reported  as  $ . 

That  received  during  the  same  year  at  Philadelphia  is  given  as 
$8,470,732  31  in  coin. 

At  the  expiration  of  ten  years^  the  wood- work  of  inner  piers,  wharves 
and  landings  may  require  repairing  to  the  amount  of  $5,000. 

How  far  this  harbor  will  benefit  commerce  and  navigation  is  not  known. 

Bespectfully  submitted. 

0.  SEAFOETH  STEWAET, 

Lieut  CoL  of  Engineers. 

Philadklphia,  Pa.,  July  21, 1869.  < 
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United  States  Engineer  Office, 

Army  Buildings,  New  Torky  August  31, 1869. 

General:  I  have  respectfully  to  submit  herewith  a  report  upon  the 
progress  and  condition  of  the  works  of  improvement  of  the  Hudson  River, 
between  Troy  and  New  Baltimore,  during  the  fiscal  year  ending  June 
30, 1869. 

PBOGBESS  OF  THE  WOBES. 

The  opening  of  the  year  found  us  at  work  driving  piles  of  the  new 
dikes  at  Cedar  Hill  and  at  Cow  Island,  which  were  commenced  in  the 
month  of  May  preceding. 

The  Cedar  Hill  and  Cow  Island  dikes  have  been  finished ;  their  lengths 
are  6,739  and  3,960  feet,  costing  $49,976  77  and  $30,475  13,  at  the  rate 
respectively  of  $8  71  and  $7  69§  per  lineal  foot.  The  cost  in  each  case 
inclitdes  expense  of  re-filling  with  stone  where  the  usual  settlement  after 
the  first  completion  had  taken  place.  The  Cedar  Hill  dike  is  not  contin- 
uous, having  in  its  line  an  open  space  of  1,000  feet.  This  has  been  very 
useful  in  passing  through  it  large  quantities  of  sand,  &c.,  which  have 
been  deposited  in  the  side  basin,  and  have  thus  relieved  the  main  channel. 

The  effect  of  these  two  dikes  has  been,  by  defining  the  channel  and  by 
proi)erly  directing  the  flow  of  the  water,  to  increase  the  depth  over 
Cedar  Hill  Bar  from  7.5,  as  existed  before  the  commencement  of  the  dike, 
to  9.2  feet.  Thus  far,  during  the  present  season  of  navigation  there  has 
bi^en  no  trouble  at  this  bar,  and  it  is  supposed  that  little  or  no  dredging 
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vrill  be  needed.    Cedar  Hill  Bar  was  formerly  a  bad  and  troublesome 
bar. 

These  dikes  were  finished  during  the  last  working  season. 

A  contract  was  made  in  the  spring  of  1868  for  the  removal  of  the  old 
State  dam,  extending  into  the  channel  and  situated  just  below  Cedar 
KQl ;  the  contractor  failing  to  perform  the  work,  it  was  undertaken  in 
the  months  of  October  and  ^November,  1868,  by  the  United  States. 
Four  thoQsand  one  hundred  and  forty  cubic  yards  of  stone  and  sand,  am 
well  as  large  pieces  of  timber,  were  removed,  at  a  cost  of  $1,186  45. 

The  dam  has  been  so  broken  up  and  the  stone  and  debris  remaining 
are  so  scattered  as  well  as  diminished  in  amount,  that  it  remains  donbt- 
M  whether  a  further  removal  is  necessary. 

Tobias  S.  Van  Hovenbergh's  contract  for  removing  the  face  of  MnlPs 
Island,  at  21  cents  per  cubic  yard,  w^  completed  and  the  last  payment 
made  December  7, 1868.  One  hundred  and  fifty-eight  thousand  three 
hundred  and  seventy-six  cubic  yards  were  remov^  during  the  past 
working  season. 

The  Coeyman's  dike  has  been  prolonged  southward  during  the  last 
working  season,  along  the  face  of  Mull's  Island,  by  the  construction 
known  as  the  half  dike,  for  the  space  of  1,640  feet,  at  a  cost  of  $5  51} 
per  Imeal  foot,  amounting  to  $9,645  17.  The  extension  of  this  half  dike, 
to  meet  the  upper  end  of  the  New  Baltimore  dike,  will  be  completed  dur- 
ing the  present  season. 

The  effect  of  enlarging  the  width  between  Barren  and  Mull's  Islands 
has  already  been  sensibly  felt  in  the  increase  of  theflow  of  water,  as  has 
been  demonstrated  by  a  considerable  movement  down  stream  of  the 
large  middle  ground  opposite  the  village  of  Coeyman's.  Large  deposits 
from  this  shoal  have  already  formed  at  the  north  end  of  Barren  Island, 
and  it  is  confidently  believed  that  a  large  amount  has  lodged  m  the 
space  between  Barren  Island  and  the  west  bank  of  the  river.  It  is 
expected  that  considerable  useful  effect  will  likewise  result  from  the  pro- 
jected dredging  of  the  channels  at  the  Coeyman's  Crossover,  between 
Barren  and  Mull's  Islands,  and  in  front  of  the  New  Baltimore  dike;  and 
that  further  reduction  of  the  size  and  increased  deposit  of  the  central 
middle  ground  in  the  side  basins,  as  well  as  a  straightening  of  the  chan- 
nel, w^ill  result  from  this  operation,  over  and  above  the  local  increase  of 
depth  iu  the  channel.  The  widening  of  the  channel  between  Barren  and 
Mull's  Islands,  and  the  increased  flow  of  water  resulting,  has  likewise 
increased  the  depth  of  water  in  the  channel  along  the  upper  part  of  the 
New  Baltimore  dike.  At  the  lower  end  of  this  dike,  the  current,  striking 
the  face  of  Houghtailing  Island  too  abruptly,  has  been  deflected  and  an 
eddy  created,  which  has  formed  a  deposit  with  the  materials  wadied 
from  the  island  shore.  The  cutting  away  of  the  face  of  Houghtailing 
Island,  as  recommended  in  previous  annual  reports,  would,  undoubtedly, 
by  removing  the  cause,  arrest  this  deposit. 

It  is  necessary  here  to  notice  the  New  Baltimore  dike,  5,900  feet  long, 
a  strong  and  substantial  structure  built  by  the  commissioners  of  the 
State  of  New  York.  This  dike  was  intended  to  be  straight,  but  unfor- 
tunately, by  error  of  construction,  was  made  at  a  certain  point  convex  or 
rather  salient  to  the  channel,  thereby  tending  to  deflect  the  currents 
from  the  dike,  which  was  a  defect,  because  the  channel  was  designed  to 
lie  along  the  dike.  But  it  must  be  remarked  that  even  if  the  dike  had 
been  constructed  perfectly  straight,  such  form  would  have  been  defect- 
ive for  a  structure  of  great  length,  as  a  straight  line  has  no  power  to 
retain  a  volume  of  water  flowing  along  its  length,  or  to  prevent  the 
dissipation  thereof. 
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A  coDcave  dike  would  have  accomplished  the  purpose  much  better. 
It  is  due  to  the  State  commissioners,  whose  works  have  sensibly  improved 
the  river,  to  state  that  they  worked  without  a  map,  there  being  no  good 
one  in  existence  at  the  time,  and  that  a  plan  of  improvementt  without 
the  suggestions  furnished  by  a  correct  map,  must  necessarily  fail  in 
detaUs  however  sound  the  general  principles  might  be. 

It  is  proper  to  say  that  I  anticipate  trouble  resulting  from  the  plan  of 
this  dike;  but  I  prefer,  before  indicating  which  of  the  several  modifica- 
tions that  suggest  themselves  should  be  adopted,  to  wait  until  the 
channels  along  the  dike  at  Mull's  Island  and  Coeyman's  Crossover  shall 
have  been  dredged,  and  the  eflfect  of  a  freer  flow  of  water  observed. 

It  may  be  that,  in  spite  of  the  defective  plan  of  the  dike,  a  free  flow  of 
water  may  compensate  for  its  defects  so  far,  at  least,  as  to  secure  a  rea- 
sonably good  channeL 

In  August,  1868,  operations  were  commenced  by  prolonging  Ouyler's 
dike  near  Duow's  JPoint,  in  a  concave  direction,  to  deflect  properly  the 
current  and  throw  it  into  the  proper  channel  leading  toward  the  over- 
slough  dike,  and  at  the  same  time  prevent  the  washing  of  the  stone  and 
consequent  filling  of  the  channel ;  this  dike,  1,664  feet  long,  was  completed 
before  the  close  of  navigation,  at  a  cost  of  $12,229  39,  or  $7  34^  per  foot; 
the  sinking  of  stone  during  the  winter  wiU  render  it  necessary  to  throw 
in  an  additional  quantity,  which  will  raise  the  cost  to  about  $7  50  per 
foot. 

In  January,  1869,  the  sudden  break  up  of  the  ice  in  the  Mohawk  Biver 
brought  down  large  quantities  which  dammed  against  the  railroad  bridge 
at  Albany,  creating  a  head  of  water  above,  which  was  discharged  through 
the  cut  connecting  the  basin  with  the  river  above  the  bridge.  The 
immense  velocity  of  the  water  passing  through  the  basin  undermined  at 
a  great  depth  the  foundations  of  warehouses,  causing  great  damage  to 
private  property. 

A  shoal  at  the  same  time  was  formed  at  the  draw  of  the  bridge,  which 
was  afterward  removed  by  the  Bridge  Company.  Fish-house  Shoal, 
above,  was  so  increased  as  to  prove  a  serious  impediment  to  navigation. 
The  large  shoal  near  the  east  bank,  which  is  situated  under  and  above 
the  bridge,  ought  to  be  removed  in  part,  in  order  to  straighten  the  great 
deflection  now  existing  in  the  channel  from  Bath  across  to  the  wharves  at 
Albany.  But  it  will  be  perceived  that  so  long  as  the  river  remains 
encumbered  by  the  great  number  of  piers  which  enter  into  the  construc- 
tion of  the  bridge,  the  permanent  benefit  to  be  derived  from  dredging 
would  remain  a  matter  of  doubt. 

We  perceive  clearly,  therefore,  the  immediate  effects  of  the  bridge  in 
causing  ice-dams,  shoals,  and  obstructions  to  the  free  flow  of  water,  as 
well  as  damage  to  property,  effects  which  are  either  periodic  or  continu- 
ous. 

The  existence  of  the  bridge  with  its  present  multiplication  of  piers  is 
a  formidable  obstacle  to  the  permanent  improvement  of  the  reaches  of 
the  river,  and  may  defeat  or  impair  materially  the  best  devised  plan.  I 
think,  however,  the  shoal  spoken  of  should  be  dredged,  and  the  curved 
dikes  at  Bath  and  Patroon's  Upper  Island  constructed.  These  would 
undoubtedly  prove  of  benefit. 

The  close  of  navigation,  December  5, 1868,  necessitated  the  suspension 
of  operations.  During  the  winter  plans  were  made  for  the  next  season, 
and  the  necessary  contracts  entered  into. 

A  dike  at  Boah  Brook,  to  deflect  the  water  into  the  eastern  channel  at 
Barren  Island,  was  commenced  in  the  month  of  May,  1869,  and  completed 
June  30. 
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The  dike  is  1,814  feet  long,  a' portion  being  bnilt  in  15  feet  of  water, 
and  cost  $18,222  04,  or  at  the  rate  of  $10  10  per  lineal  foot. 

A  dike  was  likewise  commenced  at  Parda  Hook,  to  deflect  properly 
the  current  over  Cedar  Hill  Bar,  as  likewise  to  protect  the  shores.  Ajb 
the  line  of  this  dike  would  cross  the  existing  channel,  it  was  necessary, 
in  order  to  provide  for  the  immediate  requirements  of  navigation,  to 
dredge  a  new  channel.  A  contract  for  this  object  was  made  with  Emory 
E.  Seward  for  the  gross  sum  of  $15,900,  the  cubic  contents  calculated 
in  the  bank  being  59,279  cubic  yards. 

The  shore  of  Bear  Island,  above  the  starting  point  of  the  dike,  needed 
protection,  and  work  was  likewise  commenced  there. 

The  progress  made  at  this  locality  up  to  June  30, 1869,  was  at  Paida 
Hook  dike;  59,078  feet  of  piles  driven  for  the  Bear  Island  prot^ctioa; 
3,870  feet  of  piles  driven,  and  considerable  progress  made  in  dredging 
the  channel.  An  extension  of  the  Gastleton  dike  northward  was  like- 
wise commenced,  and  up  to  June  30,  1869,  19,474  feet  of  piles  were 
driven. 

The  surveyor,  E.  H.  Talcott,  civil  engineer,  has  been  busily  employed 
during  the  past  year  in  completing  the  general  survey  and  map,  aad  in 
making  a  tracing  of  the  same;  in  making  resurveys  of  various  bars  and 
localities  upon  the  river  for  comparison,  or  for  the  contractors'  use  in 
laying  out  the  lines  of  dikes,  and  in  tidal  observations;  and  his  services 
have  been  eminently  faithful  and  efficient. 

Brevet  Colonel  John  M.  Wilson,  corps  of  engineers,  who  is  stationed 
at  Albany,  in  personal  supervision  of  the  operations,  is  entitled  to  great 
credit  for  the  energy  and  efficiency  with  which  in  the  midst  of  many 
obstacles  he  has  pushed  the  work. 

The  results  of  the  operations  thus  far  completed  have  been  gratifying, 
and  comparatively  little  trouble  has  been  experienced  at  the  bars  below 
Albany,  though  we  have  as  yet  disbursed  no  money  to  dredge  the  bars 
and  shoal  places. 

Information  supplied  in  conformity  with  requirements  of  circular  from 
office  of  the  Chief  of  Engineers,  dated  June  12, 1869: 

1.  Amount  that  will  be  required  for  the  entire  and  permanent  comple- 
tion of  the  work  is  $273,560  31,  and  in  addition  there  will  probably  be 
required  for  dredging  the  channel  between  Albany  and  Troy  an  annual 
outlay  of  about  ^20,000. 

2.  The  amount  that  could  be  profitably  expended  during  the  next  fis- 
cal year  would  be  $163,000. 

3.  Statement  of  expenditures  from  July  1, 1868,  to  July  1, 1869,  and 
of  amounts  available  July  1, 1869,  from  the  various  appropriations  for 
improvement  of  Hudson  Eiver,  New  York. 

Appropriation  o/ 1864 /or  repairs  of  harbors  on  the  Atlantic  coast. 

Amount  available  July  1, 1868,  as  per  last  report $681  99 

Expended  during  the  year 481  08 

Balance 200  91 

Due  for  internal  revenue  tax,  as  far  as  known 138  48 

Amount  available  July  1, 1869 62  43 
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Appropriaiion8  of  1866  and  1867  f&r  improvement  of  Hudson  Biver.  Ne%9 

York. 

Amount  available  July  1, 1868^  as  per  last  report $179, 395  M 

Expended  during  the  year 161, 328  69 

Balance 18, 067  37 

From  which  amount  there  has  been  reserved  in  the  treas- 
ury, at  Washington,  to  settle  account  between  this  appro- 
priation and  the  Internal  Eevenue  Bureau,  as  per  note 
on  letter  of  May  25, 1869,  from  the  office  of  the  Chief  of 
Engineers 288  00 

Amount  avaUable  July  1, 1869 17, 779  37 

Appropriation  for  repair j  preservation^  extension,  and  compUUon  of  river 

and  harbor  works,  approved  July  25, 1868. 

Amount  allotted  for  improvement  of  Hudson  Elver,  Kew 
York,  as  per  letter  of  July  31, 1868,  from  Headquarters 
Coq)8  of  Engineers $86, 000  00 

Appropriation  for  improvement  of  rivers  and  harbors^  approved  April  10^ 

1869. 


.^ 


Amount  allotted  for  improvement  of  Hudson  Elver,  New 
York,  as  per  letter  of  May  11, 1869,  from  office  of  Chief 
of  Engineers $90, 000  00 

Total  amount  available  July  1, 1869 192, 841  80 

Appropriations  for  examinations  and  surveys  on  the  Atlantic  coast. 

Amount  received  during  the  year $2, 050  Oft 

Due  from  the  United  States  July  1, 1868,  as  per 

last  report $239  16 

Expended  during  the  year 1, 766  22 

^        2, 005  38 

Amount  on  hand  July  1, 1869 44  62 

Amount  available  July  1, 1869,  unknown. 

It  is  likewise  required  to  give  an  account  of  the  steps  taken  for  the 
prosecution  of  the  work  during  the  present  working  season,  and  the 
probable  progress  that  will  be  made  therein. 

liloah  Hook  dike  undeitakeu,  and  will  be  completed  during  present 
working  season. 

Protection  of  Bear  Island  undertaken,  and  will  be  completed  during^ 
present  working  season. 

Extension  northward  of  Castleton  dike  undertaken^  and  will  be  com- 
pleted during  present  working  season. 

Dike  to  connect  Castleton  and  Schodack  dikes,  to  protect  shores  from 
continuance  of  serious  abrasions  to  the  injury  of  the  channel^  has  been 
undertaken ;  how  much  will  be  done  during  the  present  season  is  a  matter 
of  doubt,  as  it  is  requisite  to  wait  until  projecting  points  are  removed 
before  the  line  of  dike  can  be  completed.  Dredging  in  channels  at  Coey- 
man's  Crossover,  between  Barren  and  Mull's  Islanos  and  along  Kew  Bal- 

25 
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timore  dike,  has  been  undertakeii,  and  is  under  agreement  to  be  finidied 
during  the  present  working  season. 

In  presenting  the  subjoined  estimate  it  is  essential  to  remark  that,  to 
finish  works  already  commenced  and  meet  outstanding  liabilities  oo&- 
tracted  thereon,  as  likewise  to  dredge  channels  along  New  Bskltim<m 
dike,  between  Barren  and  MnlPs  Islands,  at  Goeyman's  Crossover  and 
at  Oedar  Hill  Bar,  to  construct  half  dike  at  MulPs  Island,  dike  at  Coey- 
man's,  connecting  dike  between  Oastleton  and  Schoda^  dikes,  protection 
of  Shad  Island,  to  dredge  shoal  under  and  above  railroad  bridge  at 
Albany,  to  construct  dike  at  Bath,  and  extension  of  old  United  States 
dike  at  Upper  Patroon's  Island,  and  to  remove  seva^  old  State  dams— 

The  sum  required  would  be $256, 411  20 

On  hand  July  1, 1869 192,841  80 

To  be  appropriated 63, 670  40 


The  cost  of  several  works  contained  in  the  estimate  are  not  herein 
included,  and  it  is  doubtful  whether  these  should  be  undertaken  at 
present,  for  I  conceive  it  to  be  good  policy  to  allow  the  works  already 
opmmenced,  as  well  as  those  specially  enumerated  by  name  above,  wlia 
finished,  some  time  to  produce  their  full  effecta,  before  the  full  estimate 
for  the  river  should  be  devoted  to  it«  improvement.  As  it  would  be 
necessary  to  have  on  hand  a  surplus  to  meet  contingencies  iiossible  in 
the  improvement  of  a  river,  even  now  undergoing  important  changes  in 
its  regimen,  due  to  works  recently  finished,  I  consider  it  essential  to 
increase  the  amount^  $63,570  40,  estimated  to  be  necessaiy  to  finish  and 
construct  certain  enumerated  works,  to  $100,000. 

No  estimate  has  been  made  for  works  above  tlie  bridge  at  Albaoy, 
except  the  removal  of  the  shoal  at  the  bridge,  the  construction  of  tiie 
Bath  dike,  and  the  extension  dike  at  Upper  Patroon's  Island,  reeom- 
mended  to  be  immediately  undertaken. 

To  dredge  and  keep  open  the  channel  between  Albany  and  Troji  I 
8upx>ose,  might  amount  to  an  average  annual  expenditure  of  $20,000, 
and  this  must  be  considered  as  additional  to  the  subjoined  estimate. 

The  reasons  for  doubting  the  practicability  of  a  permanent  impiore 
ment  for  the  whole  river  between  Albany  and  Troy  have  already  been 
fully  given  in  this  and  the  preceding  report. 

Estimate  to  complete  ike  improvement  of  the  Hudson  River  according  to  pk» 

stLbmitted^ 

Cutting  off  face  of  Houghtailing  Island: 

Damages  to  private  property,  24  acres,  at  $100 $2, 400  W 

Excavation,  391,000  cubic  yards,  at  20  cents 78, 200  00 

Half  dikes,  1,320  linear  feet,  at  $6 7,920  00 

»ho^e  protection,  920  linear  feet,  at  $3 2, 7«0  W 

Dredging  channel  at  New  Baltimore  dike,  130,000  cubic 

yards,  at  23  cents 29, 900  00 

Dredging  channel  between  Barren  and  Mull's  Islands, 

43,000  cubic  yards,  at  23  cents 9,89000 

Completing  half  dike  at  Mull's  Island,  1,600  linear  feet,  at 

$5  50 /...  8,800  00 

Dike  at  Coeyman's,  2,000  feet,  at  $6 12. 000  00 

Dredging  channel  at  Coeyman's  Crossover,  70,000  cubic 

yards,  at  23  cents 16, 1 00  OO 


« 
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Payment  made,  after  July  1,  upon  completed  dike  at  Boah 

Hook $9,517  83 

Connecting  Castleton  and  Schodack  dikes  for  protection  of 

shores,  954  linear  feet,  at  $7  50 7, 155  00 

Shore  protection  at  Shad  Island 4, 800  00 

Finii^ng  extension  northwards  of  Gastleton  dike 13,  Oil  20 

Glosinff  gap  in  Cedar  Hill  dike,  1,000  linear  feet,  at  $8  71 .  8, 710'  00 

Dredging  Cedar  Hill bar^say 8, 000  00 

Finishing  dike  at  Parda  Hook 25, 328  71 

Dredging  new  channel  at  Parda  Hook,  by  contract 15, 900  00 

To  finish  shore  protection  at  Bear  Island 1, 146  3f 

8,000  fioet  of  dike  parallel  to  Overslaugh  dike 80, 000  00 

Bemoving  Overslaugh  rock,  468  cubic  yards,  at  $13 6, 084  00 

Bemoving  775  linear  feet  of  old  State  dam,  along  Over- 
slaugh dike 2,712  00 

Dredging  channel  along  Cuyler's  dike,  100,000  cubic  yards, 

at  23  cents 23, 000  00 

Dredging  shoal  under  railroad  bridge,  60,000  cubic  yards, 

at  23  cents 13, 800  00 

Dike  above  Bath,  5,693  linear  feet 65,297  00 

Bemoving  old  State  dam 1, 500  06 

Extension  of  old  United  States  dike  at  Upper  Patroon's 

Island,  1,820  linear  feet 16, 470  00 

Expenses  of  survey 6, 000  00 

« 

466, 402  n 

Amount  available  July  1, 1869 192, 841  80 

Amount  necessary  to  be  appropriated 273, 560  31 

Bespectfully  submitted. 

JOHN  NEWTON, 
Lieut.  Col.  of  Engineers  and  Bvt  Maj.  Oen.  U.  8.  A* 

Bvt  Hfy.  Gen.  A.  A.  Humphreys, 

Okie/  of  EnffkieerSy  WashingtoTij  D.  C. 


Offxo£  op  the  Chief  of  Engineers, 

WasUngUm^  D.  C,  May  31, 1869.  . 

Obnkbal:  Tour  letter  of  the  29th  instant,  reporting  that  the  openinf 
of  MuU's  Island  channel  has  already  had  a  great  eiS^  upon  the  CoejTr 
man'iB  bar,  and  transmittiiig  tracing,  &c.,  is  received* 

Your  action  in  stopping  the  Le  Boy  Hook  dike  is  approvedL  and  yo^ 
are  authorised  to  eonsdruct  a  curved  dike  at  the  lower  end  of  Goeyman^ 
channel,  in  order  to  deepen  the  water  in  fix>nt  of  Goeyman's,  and  to  ke^ 
open  a  small  channel  between  it  and  Barren  Island. 
By  command  of  Brig.  Oen.  Humphreys. 

Very  respectfully,  your  obedient  servant, 

JNO.  G.  PAEKB, 
Mqfor  o/Bngineeri^  Bnt,  Mcg^  Oen.  U.  S.  it. 

Bvt  Mjfl.  Gen.  John  Newton,  U.  8.  A., 

Lieutenant  Colonel  of  Engimeere. 

27  Weet  Houston  Streety  New  Tark  City. 
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United  States  EKaiKEEB  Office, 

GOBNEB  GbEENE  AND  HOUSTON  STBEETS, 

New  York  J  September  22, 1869. 

Genebal:  I  have  the  honor  to  transmit  the  following  report  of  06 
operations  at  the  Hell  Gate  improvement  for  the  fiscal  year  ending  Jane 
do,  1869: 

On  July  31, 1868, 1  was  notified  by  letter  from  Headquarters  Corps 
pf  Engineers  that  an  allotment  of  $85,000  had  been  made  from  the 
appropriation  for  <^  repair,  preservation,  extension,  and  completion  of 
certain  public  works  on  rivers  and  harbors ''for  removing  obstniction 
in  the  East  Biver,  including  Hell  Gate. 

New  surveys  of  Frying  Pan  and  Pot  Bock  were  immediat^tj 
commenced  for  the  purpose  of  ascertaining  the  amount  of  rock  to  be 
removed  so  as  to  give  a  depth  of  twenty-five  feet  mean  low  water. 

Advertisements  calling  for  proposals  to  remove  Frying  Pan  and 
.Pot  Bock  were  inserted  in  the  New  York,  Boston,  Philadelphia,  and 
.Chicago  papers,  and  on  September  21, 1868,  the  prox>osals  were  opened^ 
(abstract  of  bids  herewith,)  and  by  the  terms  of  the  law  the  contraet 
was  awarded  to  Mr.  Sidney  F.  Shelboume,  his  bid  being  the  lowest 

Mr.  Shelboume  had  a  machine  under  construction  which  he  intendtid 
to  put  to  w6rk  upon  the  rocks,  but,  after  testing  its  qualities,  it  was 
4ecided  to  make  some  alterations  in  the  motive  x>ower,  substitatiDg 
^team  for  water;  with  this  machine  a  diamond  drill,  two  inches  in 
.diameter,  was  operated.  After  many  delays  and  some  modifications 
the  machine  was  put  to  work  on  Fi^ng  Pan  Bock,  on  or  about  the 
13th  January,  1869.  Several  holes  were  drilled  into  the  rock  for  the 
purpose  of  mooring  the  boat  assisting  in  the  work,  but  the  machine  was 
nnally  laid  aside  by  the  contractor  in  order  to  construct  another,  capable 
of  making  holes  of  greater  diameter  in  the  rock,  with  the  view  of  expe- 
diting the  work. 

The  contractor  then  commenced  the  construction  of  a  larger  and  more 
powerfdl  machine  on  a  different  principle,  discarding  the  rotating 
diamond  drill,  and  using  instead  the  drop  drill  worked  by  steam. 

The  time  granted  by  the  contract  having  expired  without  bavin; 
made  any  progress  toward  removing  the  rock,  it  was,  by  x>ermi89ionof 
the  Secretary  of  War,  extended  to  August  16, 1869.  Up  to  the  expir*- 
tion  of  the  fiscal  year  ending  June  dO,  1869,  the  new  machine  had  not 
been  put  to  work.  On  May  11, 1869, 1  was  notified  that  an  allotment  of 
^180,000  for  the  improvement  of  the  East  Biver  had  been  made  fron 
the  appropriation  for  '^improvement  of  rivers  and  harbors." 
.  On  tf  nne  9  I  submitted  a  project  for  the  removal  of  Hallett's  Point  bj 
Iftinking  shafts,  between  high  and  low- water  marks,  to  a  sufficient  deptt 
from  t£e  bottom  of  these  shafts  to  run  galleries  undw  the  rock  tobf 
vemoved. 

At  the  same  time,  I  also  proposed  to  undertake  the  removal  of  the 
channel  rocks  by  means  of  a  machine  of  my  own  invention,  as  described 
in  the  same  letter. 

On  June  17  I  made  an  agreement  with  Messrs.  Maillefert,  Gibbs, 
Bliss  &  Gumbs,  for  the  removal  of  the  rocks  known  as  Pot  £toct 
Way's  Beef,  and  Shell  Drake,  at  the  rate  of  forty;four  dollars  and 
twenty-eight  cents  per  cubic  yard,  with  the  understanding  that  tfaej 
should  commence  operations  in  two  weeks  after  the  date  of  l£e  contract; 
that  delay  being  necessary  in  order  to  obtain  a  sufficient  number  of 
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fionndings  to  make  an  accurate  ddineation  of  Way's  Beef  and  Shell 
Drake,  which  had  not  before  been  sarveyed. 

There  were,  then,  the  contracts  of  Mr.  Shelbonme  and  Maillefert  & 
Oo.  for  the  removal  of  Frying  Pan,  Pot  Hock,  Way's  Eeef,  and 
Shell  Drake,  and  the  initiatory  steps  of  the  government  to  undertake 
the  work  at  Hallett's  Point  and  in  the  channel,  together  sufficient  to 
absorb  all  the  funds  appropriated  by  Congress  for  this  work. 

Surveys  have  been  made  of  Pot  Rock,  Frying  Pan,  and  Way's 
Beef,  in  HeU  Gate,  and  a  great  part  of  Diamond  Beef,  in  the  Eafit 
Biver,  has  been  surveyed. 

FIELD  WORK. 

The  hydrographic  statistics  are  as  follows: 


Angles  measiired 

HamlMr  of  •oandings 


Pot  Book. 


3,151 
3,871 


Prying 
Paou 


4,434 

8^304 


Way*8 
Beef. 


DiMUond 
Beef. 


9,356 
4,33S 


090 
1,980 


TotaL 


9,831 
1^487 


TOPOaEAPHY. 

The  topography  of  northeast  shore  of  €k)Temor'8  Island  was  finished,' 
and  the  shore  survey  at  Hell  Gate  commenced. 

TIDES  AND  GITBItENTS. 

Begular  tidal  observations,  by  means  of  box  tide-gauges,  have  been 
made.  1 

Four  tidal  stations  were  occupied  at  Hell  Gate  on  account  of  the  greafc 
irregularities  caused  by  the  form  and  by  Hie  obstructions  in  this  passag<^ 
above  and  below  water. 

The  velocities  and  directions  of  the  tidal  currents  were  observed  both 
at  the  Gate  and  oft  Governor's  Island.  i 


;i^ 


SIGNALS. 


Banges  on  shore  were  erected  for  the  contracting  parties  whenever 
needed. 

OFFICE  WOBK.  ,t 

The  soundings  taken  on  Pot  Bock,  Frying  Pan,  Way's  Beef^ 
and  Diamond  Beef,  have  been  plotted  in  a  scale  of  -g^jf. 

The  areas  and  cubic  contents  of  the  rocks  to  be  removed  were  calca- 
lated.  ^ 

The  first  and  second  reductions  of  the  tidal  observations  were  made. 


FIMAKGIAL  STATEMENT.  , 

Amount  of  allotment  from  appropriation  of  July  25, 1868 . .    $85, 000  00^ 
Amount  expended 6, 135  6t^ 


Amount  available  July  1, 1869 

Amount  in  treasury $77, 700  00 

Amount  in  hands  of  agents 1, 164  38 


78,864  38 


78,864  38 
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STo  expenditnres  have  been  made  from  the  appropriation  of  April  1% 
1869. 
Bespectftilly  submitted. 

JOHN  NEWTON, 
LteuL  €oL  Ungineen  and  Btft.  Maj.  OmL  U.8.L 

Bvt.  Miy.  Gen.  A.  A.  HiTMPHBETSy 

Chief  of  Engineer  J  Washington^  D.  0. 


Improvement  of  HeU  Oate^  New  lork. 

United  States  ENOnnsEB  Office, 

No.  27  West  Houston  Street, 

New  Torkj  August  10, 186& 

.  Sealed  proposals  for  the  removal  of  the  rocks  known  as  FrjiDg  Fa& 
And  Pot  Eock,  situated  in  Hell  Gate,  East  Biver,  will  be  received  tt 
this  office  until  noon  of  September  21, 1868. 

These  rocks  must  be  removed  to  a  depth  of  twenty-five  feet  mean  lov 
water,  and  the  debris  deposited  where  the  engineer  may  direct  Tin 
eitimated  cubic  contents  of  Frying  Pan  to  be  removed  are  ],36i8 
cubic  yards,  over  an  area  of  1,222.2  square  yards.  The  estimated  cubk 
contents  of  Pot  Bock  to  be  removed  are  576.1  cubic  yards,  OTer  an 
area  of  1,302.2  square  yards. 

Bids  must  state  separately  the  sums  asked  for  the  removsd  of  Frriof 
Fan  and  Pot  Bock,  and  payments  will  be  made  when  one  entire  rock 
shall  be  removed,  amounting  to  the  entire  sum  agreed  upon  for  ftat 
lock,  less  a  reservation  of  ten  per  cent.,  to  be  paid  when  the  entire  wock 
is  done. 

As  new  and  more  detailed  surveys  will  be  made  of  these  rocka^  fti 
accepted  bids  may  be  increased  or  diminished  in  amount,  aooording  u 
the  quantity  of  work  shown  by  the  new  surveys  shall  be  greater  or  lea 
than  that  deduced  from  existing  surveys,  and  the  amount  of  work  in 
the  removal  of  these  rocks  will  l^  held  to  oe  proportional  to  the  surfiiM 
and  cubic  contents. 

All  calculations  of  area  and  cubic  contents  will  be  taken  iSrom  Am 
official  maps  of  this  office,  and  will  be  accepted  as  correct  by  botk  par* 
ties. 

Bach  bid  must  be  accompanied  by  a  guarantee  of  two  responsible 
persons  that  the  bidder  will  execute  a  contract. 

Forms  of  proposals  and  of  guarantees  can  be  obtained  at  this  ofloe. 

The  United  States  reserves  to  itself  the  right  of  contraetiDg  for  tto 
removal  of  one  only  of  these  rocks,  should  this  be  deemed  advisable 

Proposals  should  be  indorsed  upon  the  envelope,  '^ProposalB  in 
removing  rocks  at  Hell  Gate." 

Drawings  of  these  rocks  can  be  inspected  at  this  office. 

Proposals  should  state  likewise  the  time  asked  for  the  remoral  of 
these  rocks. 

JOHN  NBWTQN, 
Lieut  Col.  of  Engvneere^  Bvt  Maj.  Oen.  U.  A  i* 
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Impravememt  of  Hdl  €taU. 

United  States  BNaiNSEB  OFFicns, 

No.  27  West  Houston  Stbebt, 

New  TorlCj  August  20, 1868. 

For  the  information  of  those  intending  to  bid  for  the  removal  of  roeks 
in  Hell  (}ate,  it  is  necessary  to  state  that  the  oontraot  will  not  neces- 
sarily be  assigned  to  the  lowest  or  to  any  bidder. 

The  time  which  the  bidder  proposes  to  consume  in  x>crforming  the 
work,  as  well  as  the  character  of  his  proposed  mode  of  operations,  as  to 
practicability,  wiU  likewise  be  considered  in  assigning  the  (contract. 

JOHN  NEWTON, 
Lieut  Col.  of  Engineere  and  Bvt.  Maj.  Gen.  U.  8.  A. 


Jhitraet  of  propoBoU  received  in  OMwer  to  odverHiemenU  of  Auffwt  10  and  20,  1868,  for 
the  removal  of  the  rocike  known  as  Fr}/ing  Pan  and  Pot  Booky  Htuated  in  HeU  Gate^ 
East  Miver,  New  York,  opened  at  12  o'elodp,  noon,  on  September  31, 1868. 


Bidden. 


Eryingpaa. 


Geoige  H.  Bradbary . 
Sidnev  F.  8helboume 

B.  R.Lowe 

Wm.  H.  Cammoyer . . 

Samuel  Lewia x 

Ariel  Patfenon C 

John  J.  FUiMf^an 

Qeorge  E.  Lincoln 


5 


RMafflefert* i 

A.  D.  Bishop i 


David  Babcock 

Hurphy,  Pontes  &  Bald 

wint 


{ 


Amonnt  asked  for  re- 
moral  of— 


•199.T80  00 
84,307  09 
60,000  00 

335,000  00 

65.000  00 

45^000  00 

«i50 

per  cab.  yd. 

6500 

per  sq.  yd. 

153,650  00 

1  60 

per.  oi&b.fl. 


Pot  Book. 


160,480  00 
13,496  02 


175,000  00 

80.000  00 

35.000  00 

44  88 

peroab.yd. 


57,500  00 

8  00 

per.  qob.  ft. 


Time  asked  for  remoyal  of— 


laying  Paa. 


Dec  31, 1869.. 


Aug.  1,1869 


May  1, 1869 


PoiBoek. 


April  15^  1M9. 


Kov.  1,1860 


ICay  1,1869 


Time  asked  to  ra- 
moTO  both  rooka. 


Deo.  10, 1869 


Nov.  1, 1869. 


Sept  30, 1869. 


Sept.  15, 1809. 
July  1,1869.. 


*  Frying  Pan,  $58, 004;  F^t  Book,  185,500  70.        t  Frying  Pan,  158,959  36;  Pot  Book,  •31,109  49* 

I  certify  that  the  above  abstract  is  correct, 

JOHN  NEWTOl^, 
Lieut.  Col.  of  Engineers  and  Bvt.  Maj.  Oen.  U.  8.  A. 


N:^w  YoBK,  June  9, 1869. 

Oeneral  :  In  accordance  with  the  requirements  of  the  last  paragraph 
of  your  letter  of  instmctions  of  May  11,  in  relation  to  action  nnder  the 
allotment  of  $180,000  for  the  improvement  of  the  channel  at  Hell  Oate, 
I  have  to  propose  the  following  plan  of  operations: 

In  addition  to  the  contract  of  Mr.  Shelbonme,  to  employ  several  other 
parties  upon  the  removal  of  rocks  in  the  channel  at  HeU  Gate,  and  in 
East  Biver. 

To  commence,  on  the  part  of  the  government,  upon  the  rock  at  Hal- 
lett's  Point,  by  sinking  shafts  between  high  and  low-water  marks  to  a 
suitable  depth ;  from  the  bottom  of  these  shafts  to  lead  galleries  under 
the  rock  to  be  removed,  the  galleries  eventually  to  be  opened  into  one 
large  space,  and  the  rock  overhead  supported  by  wooden  shores ;  the 
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opening  below  being  calculated  to  receive  all  the  rock  from  above^  and, 
at  the  same  time,  give  the  reqaisite  draught  of  water ;  the  galleries  to 
be  kept  separated  by  solid  walls  of  rock,  until  the  full  length  of  eacli 
has  been  excavated,  so  that  a  flooding  of  one  gallery  may  not  lead  to  the 
same  disaster  in  all.  Whether  or  no  this  system  may  hereafter  be 
abandoned  for  another  more  expeditious  and  cheaper  would  be  a  matter 
for  future  consideration.  To  this  time,  at  least,  no  other  pi-ocess  has 
indicated  so  effectual  a  promise  of  a  completely  successful  result.  Should 
this  method  be  afterwards  laid  aside  for  one  better,  the  work  done  is,  at 
least,  always  available  for  the  placing  of  mines  to  overthrow  the  ro(^ 
Shoidd  the  water  come  in  in  such  quantities  as  to  arrest  the  further 
progress  of  the  galleries,  at  least  all  the  lengths  that  have  been  com- 
pletod  will  be  available  for  blasting  charges. 

This  method  is  recommended  for  the  removal  of  that  portion  of  Hal- 
lett's  Point  already  acquiesced  in  in  the  report  of  the  Chief  of  Engineers, 
and  refers  particularly  to  the  projecting  reef  under  high  water.  Should 
it  be  deem^  advisable,  hereafter^  to  take  off  a  large  slice  above  high- water 
mark,  the  work  for  this  could  go  on  simultaneously  with  the  first 

As  soon  as  the  survey  of  Hnllett's  Point  and  Kegro  Point  shall  be  fin- 
ished, I  shaU  be  prepared  to  submit  a  definite  project  for  the  amoont 
necessary  to  be  taken  off  from  the  shore  line  at  the  former  place,  besides 
the  removal  of  the  reef  under  high  water. 

The  surveys  we  already  have  are  sufficient  to  commence  the  work. 

Besides  the  above,  it  will  be  necessary  for  me  to  hire  a  portion  of  gFonnd, 
or  rock  rather,  at  Hallett's  Point,  upon  which  to  erect  a  blac^mith's 
shop  and  store-room  for  tools,  &c. 

In  addition  to  this  project  for  the  removal  of  Hallett's  Point,  which 
likewise  would  apply  to  the  removal  of  the  Gridiron,  (should  that  he 
finally  thought  necessary  to  be  done,)  I  propose,  in  view  of  ultimate 
want  of  success  on  the  part  of  the  contractor  and  others  in  the  removal 
of  the  channel  rocks — a  contingency  which  at  least  is  possible — to  con- 
struct a  boat  and  machine  for  the  government;  the  boat  to  be  about  120 
feet  long  and  50  feet  beam,  in  the  shape  of  a  scow,  with  a  deck  two  to 
two  and  one-half  feet  thick,  projecting  four  feet  beyond  the  hull,  and 
furnished  on  the  edge  with  iron  plating,  say  two  inches  thick.  This  con- 
struction to  stand  the  shock  of  collisions,  and  a  well  of  about  30  feet 
wide  by  40  feet  long  in  the  boat,  through  which  to  raise  and  lower 
caisson  from  and  to  the  bottom.-  constitute  the  features  of  the  boat 

The  caisson  to  be  constructea  thus : 


-:z.-:-r^-.i.r::^-r-Jr-~^^  (high  water.) 


=:,3-^-j;r^:-r-i;,.^^jp--.r^  (lOW  WatCr.) 


N.  B. — A  caisson  of  the  shape  of 
a  frustum  of  a  cone,  to  oppose 
the  same  resistance  to  over- 
throw, would  require  to  have  a 
base  of  greater  diameter  in  pro- 
portion to  height. 

The  above  construction  being  designed  so  that  the  ultimate  pressnie 
4f  the  water  running  with  great  velocity,  which  is  normal  to  tie  sui&ce, 
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and  falling  within  the  area  of  the  base,  will  not  actually  tend  to  over* 
throw  the  machine. 

The  drilling  machines  are  separate  from  the  caisson,  and  may  be 
changed  at  wQl. 

Of  coni'se  I  do  not  pretend  to  say  there  is  not  mach  yet  to  be  learned, 
but  this  will  never  be  done  unless  I  set  to  work. 

Very  respectfully,  general,  your  obedient  servant, 

JOHN  NEWTON, 

Brevet  Major  Oenerah 
Mig.  Gen.  A.  A.  Humphreys, 

Brigadier  General  and  Chief  of  Engineert. 


Q  2. 

New  York,  February  16, 1869. 

Oeneral  :  I  have  the  honor,  in  compliance  with  instructions  from 
Headquarters  Corps  of  Engineers  of  the  4th  instant,  to  present  the  fol- 
lowing plan  and  estimates  for  the  improvement  of  the  harbor  of  Rondout : 

1.  To  direct  the  down  current  of  Rondout  Creek,  and  to  concentrate 
its  action  for  the  permanent  improvement  of  the  bar;  a  north  dike,  con- 
cave to  the  channel  and  660  yards  in  length,  is  designed. 

2.  To  guide  the  down  current  of  the  Hudson  near  the  western  bank, 
into  a  direction  nearly  coincident  with  the  current  issuing  firom  the  creek, 
in  order  to  insure  the  co-operation  of  both  in  the  transport  of  silt  away 
firom  the  mouth  of  the  harbor,  the  branch  dike,  springing  from  the  ex- 
treme end  of  the  north  dike,  and  running  in  a  northerly  direction,  is 
recommended.  This  dike  should  be  concave  toward  the  channel  of  the 
river,  and  may  be  about  300  yards  in  length. 

The  two  dikes  first  described  are  considered  of  first  importance,  and 
would,  undoubtedly,  of  themselves  cause  an  amelioration  of  navigation. 

3.  But  to  develop  the  full  capacity  of  improvement  of  this  locality,  the 
south  dike^  1,200  yards  in  length,  should  also  be  constructed,  and  with- 
out such  dike  it  would  likewise  be  a  matter  of  doubt  whether  a  naviga- 
ble channel  of  safficient  width  could  be  maintained.  ^ 

4.  Dredging  a  channel  100  feet  wide,  2,100  feet  long,  and  of  14  feet 
depth  at  mean  low  water,  might  likewise  be  necessary. 

From  information  collected  from  those  who  should  be  acquainte<1  with 
the  facts  of  the  case,  it  is  inferred  that  the  work  of  dredging  could  be 
easily  executed. 

The  directions  and  lengths  of  the  dikes,  as  recommended,  may  be  sub- 
ject to  modification  from  information  to  be  hereafter  derived  from  exam- 
inations and  surveys. 

Owing  to  the  season  of  the  year  at  which  the  call  was  made  upon  me 
to  prepare  plans  and  estimates,  I  have  been  obliged  to  content  myself 
with  uie  information  compiled  in  existing  coast  survey  charts,  and  that 
derived  from  individuals  acquainted  with  the  locality. 

The  mode  of  construction  of  the  dikes  is  supposed  to  be  the  same  as 
of  those  already  constructed  under  my  charge  upon  the  Upper  Hudson ; 
the  information  collected  as  to  the  nature  of  the  bottom  being  to  the 
efiect  that  piles  can  be  driven  with  facility. 

The  prices  of  material  and  labor  are  assumed  not  to  be  essentially  dif- 
ferent from  those  paid  upon  the  works  of  improvement  of  the  Upper 
Hudson* 
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ESTIMATE. 

North  dike,  660  yards  long $35, 410  47  , 

Braucb  dike,  300  yards  long 13,968  83 

South  dike,  1,200  yards  long 52, 636  26 

Amount 102, 015  66 

Dredging  channel,  2,100  feet  long,  100  feet  wide,  to  depth  of 
14  feet  at  mean  low  water,  29,300  cubic  yards,  at  50  cent« 

per  cubic  yard 14,650  60 

Contingencies,  such  as  extuninations  and  surveys,  superin- 
tendence, clerks,  office  hire,  watchmen,  &c.,  &c 16, 000  00 

132,665  56 


And  the  above  estimate  is  supposed  to  be  ample  to  insure  the  full  per- 
manent improvement  of  which  the  locality  is  susceptible,  and  to  secure 
a  depth  of  water  from  13  to  14  feet  at  mean  low  water. 

To  comply  with  the  terms  of  a  "joint  resolution  in  relation  to  surveys 
and  examinations  of  rivers  and  harbors,"  approved  July  27, 1868, 1  have 
to  submit  the  following,  as  collected  from  gentlemen  of  standing  wlio 
are  well  acquainted  with  the  subject,  and  containing  all  the  information 
which  can  be  immediately  obtained. 

The  products  of  Northern  Pennsylvania  reach  this  harbor  by  the  Del- 
aware and  Hudson  Canal,  and  almost  the  entire  products  of  Deiawaie 
and  Ulster  Counties  find  their  way  to  market  through  this  outlet 

Bluestone  flagging,  lime,  cement,  anthracite  coal,  lumber,  wood,  lead, 
iron,  and  glass  are  the  exports. 

Vessels  irom  all  parts  of  the  coast  discharge  and  load  at  this  harbor. 

As  an  Illustration  of  the  amount  of  commerce  and  navigation  to  be 
benefited  by  the  improvement  of  the  harbor,  it  is  stated  that  from  the 
Ist  to  the  15th  of  November  last  over  350  foreign  vessels  arrived  for 
cargo,  and  during  the  same  period  over  800  canal-boats  arrived  laden. 
More  than  20  steamboats  run  regularly  from  this  place.  Thirtyfoor 
schooners  and  sloops  are  constantly  engaged  in  carrying  bluestone,  lime, 
and  wood,  and  22  vessels  constantly  engaged  in  transporting  cement 
Besides  these  there  are  many  transient  vessels  engaged  in  the  9$M 
trade,  varyuig  in  size  from  150  to  400  tons.  At  present  vessels  drawing 
over  12  feet  are  compelled  to  load  outside  the  bar,  and  it  is  believed  that 
a  large  increase  of  trade  would  be  the  result  of  the  improvement  of  the 
harbor.  The  amount  of  commerce  and  navigation  to  be  benefited  by 
the  improvement  of  navigation  would  be  annually  from  $70,000,000  to 
$804000^000. 

This  IS  as  near  as  could  be  estimated  from  the  data  available. 

BespectfuUy  submitted. 

JOHN  NEWTON, 
Lieut.  Col.  Ungineers  and  Bvt  Maj,  Oen.  U.  SLA» 

Bvt  Maj.  Gen.  A.  A*  Humphbsts,  U.  S.  A., 

ChUf  of  Engineers^  Headquarters  Corps  of  Engineer s^ 

Wa/hington^  D.  G. 
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Q3. 

Headqttabtebs  Cobps  OF  Engineebs, 

Washingtanj  D.  0.j  February  5, 1869. 

Gekebal:  In  feply  to  the  communication  of  the  Hon.  Z.  Chandler, 
chairman  Committee  on  Commerce  of  the  Senate,  dated  Januaiy  29, 1809, 
asking  your  views  upon  the  le^slation  proposed  in  Senate  bill  Ko.  825, 
aathorizing  the  construction  ot  a  bridge  across  the  East  Biver  between 
]S'ew  York  and  Brooklyn,  I  would  beg  to  state  that  although  the  injury 
to  be  apprehended  from  such  a  structure^  in  the  change  of  the  regimen 
of  the  stream  arising  from  the  diminution  of  the  water-way  by  piers, 
and  consequent  change  of  the  force  and  direction  of  currents  and  forma- 
tion of  bars,  as  well  as  the  interruption  of  commerce,  seems  to  be  sufB- 
ciently  guarded  against  in  section  10  of  the  act  of  the  legislature  of  New 
York,  of  April  16, 1867,  incorporating  the  Ne:w  York  Bridge  Company, 
(to  which  reference  is  made  in  this  proposed  biU  of  the  Senate,)  which 
prohibits  any  structure  <^  which  shall  obstruct  the  free  and  common  nav- 
igation of  the  East  Biver,  or  the  construction  of  any  pier  in  the  said  river 
l^yond  the  pier  lines  established  by  law,"  yet  as  it  is  not  known  at  this 
ofBce  wheth&  the  laws  establishing  the  pier  lines  are  or  are  not  framed 
so  as  to  insure  that  no  injury  shall  result  by  those  structures  to  the  har- 
bor of  New  York,  it  is  recommended  that  a  provision  to  prevent  such 
injury  by  the  piers  of  the  bridge  be  inserted  in  the  bill. 

And  farther,  the  plan  and  location  of  the  bridge  should  be  subject  to 
the  approval  of  the  Seci'etary  of  War,  and  it  should  not  be  commenced 
until  ne  approve  the  same. 

He  should  be  empowered  to  cause  the  bridge  to  be  inspected  during 
its  consti-uction  or  at  any  time  thereafter,  and  if  in  his  opinion  the  bridge 
or  any  part  thereof  violate  the  conditions  not  to  obstruct,  impair  or  inju- 
riously modify  the  navigation  of  the  river,  or  cause  injury  to  the  harbor, 
he  should  have  authority  to  remove  or  modify  the  same  at  the  expense 
of  the  company. 

From  a  memorandum  accompanying  these  papers,  giving  the  heights 
of  some  of  the  largest  class  of  merchant  vessels,  it  would  appear  that  the 
height  proposed  tor  the  bridge,  one  hundred  and  thirty  feet  above  high 
tide,  would  not  materially  obstruct  ^Hhe  free  and  common  navigation  of 
the  river,''  but  how  far  this  height  would  prove  an  obstacle  to  ships  of  war 
or  access  to  the  navy  yard  at  Brooklyn,  are  questions  upon  which  the 
views  of  the  proper  naval  authorities  should  be  known. 
Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHBBY8, 
Brige^ier  Oeneral  of  Engineers^  Commanding. 

Maj.  Gton.  J*  M.  Schofield, 

BeereUiry  of  War. 


Hbabquabtebs  Cobps  of  Enginbbbs, 

WaMhingtonj  D.  C,  March  9, 1869. 

OEHKBAii :  The  act  to  establish  a  bridge  across  the  Bast  Biver  pro- 
vides that  it  shall  be  so  built  as  not  to  obstruct,  impair,  or  iivjuriously 
modify  the  navigation  of  the  river,  and  prohibits  the  construction  ot 
the  bndge  until  the  plan  and  location  are  approved  by  the  Secni^taoy  of 
War. 

In  order  to  obtain  the  requisite  information  to  determine  whether  the 
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bridge,  when  built,  will  conform  to  the  requirements  of  the  law,  I  beg 
leave  to  recommend  that  I  be  aathorized  to  form  a  board  in  New  Tork, 
to  consist  of  Brevet  Major  Generals  Horatio  G.  Wright  and  John  New- 
ton,  and  Brevet  Major  Wm.  IL  King,  to  examine  and  report  nyoa  the 
plan  and  location  of  the  bridge,  the  effect  it  will  have  upon  tiie  navigation 
of  the  river,  upon  its  regimen  and  upon  the  harbor,  and  the  approaches 
thereto,  whether  by  Sandy  Hook  or  the  East  River.  The  boawi  should 
be  instructed  to  call  upon  the  company  for  the  plan  and  map  and  infor- 
mation they  are  required  to  submit.  They  should  also  be  directed  to 
examine  experts,  (nautical  men  and  shipping  merchants,)  as  to  the  ob- 
struction that  the  bridge  may  form,  owing  to  the  limit  of  height  above 
the  surface  of  the  water,  that  the  question  of  practicability  may  render 
necessary. 

I  would  also  suggest  that  as  soon  as  the  necessary  information  for 
considering  that  part  of  the  subject  can  be  furnished  by  the  board,  that 
the  views  of  naval  authorities  be  obtained  as  to  how  far  the  bridge 
may  prove  an  obstacle  to  ships  of  war,  or  impede  access  to  the  navy 
yard. 

Perhaps  this  opinion  can  be  best  obtained  by  adding  a  naval  officer 
to  the  board,  in  which  case  the  order  for  organization  should  emanate 
firom  the  War  Department  In  that  event  it  would  probably  be  better 
to  constitute  the  board  as  follows :  Brevet  Major  General  Wright,  a 
naval  ofOicer,  and  Brevet  Miyor  King. 

Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHEEYS, 
Brigadier  Oeneral  of  Engineers^  Commanding. 

M^.  Gren.  J.  M.  Sghofibld, 

Secretary  of  War. 


Office  of  the  Chief  of  Engikkebs, 

WanhingUm^  D.  0.,  March  18, 1869. 

General  :  £  submit  herewith,  for  the  General  of  the  Army,  a  comma- 
nication  from  Mr.  John  A.  Boebling,  engineer  and  authorized  agent  of 
the  New  York  Bridge  Company,  relative  to  the  bridge  across  East 
Eiver. 

The  papers  submitted  by  Mr.  Boebling,  (sent  herewith,)  and  those 
which  he  promises  to  furnish  as  soon  as  copied,  constitute  essentially 
'^  the  plan  and  map"  specified  in  section  2  of  the  act  relative  to  the  said 
bridge,  and  form  a  sufficient  ba^is  for  such  examination  of  the  subject 
as  may  be  deemed  necessary  to  enable  the  Secretary  of  War  to  come  to 
a  decision  upon  it. 

I  would  suggest  that  this  matter  now  be  referred  to  an  officer  of  engi- 
neers or  a  board  of  engineers,  or  a  board  of  say  two  engineers  and  one 
navy  officer,  to  examine  and  report  upon  the  plan  and  location  of  tlie 
bridge,  the  effect  it  will  have  upon  the  navigation  of  the  river,  upon  its 
regimen,  and  upon  the  harbor  and  approaches  thereto,  whether  by  Sand? 
Hook  or  the  East  Biver.  Experts  should  be  examined  (nautical  men 
and  shipping  merchants)  as  to  the  extent  of  obstruction  the  bridge  may 
prove  to  be,  owing  to  the  limit  of  height  above  the  sur£EU»  of  the  water, 
that  the  question  of  practicability  may  render  necessary. 

The  views  of  the  naval  authorities  should  be  obtained  as  to  how  fitf 
the  bridge  may  prove  to  be  an  obstacle  to  ships  of  war  or  impede  acoesi 
to  the  navy  yard. 


BE90BT  OF  CHIEF  OF  BKGINEERS.  897 

A  copy  of  the  bill  in  the  shape  in  which  it  passed  accompanies  this 
letter. 

Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brigadier  General  and  Chief  of  Engineers. 

The  Adjutant  Gbnerai., 

United  Stutes  Army* 


Office  of  the  Chief  of  Engineers, 

Washington^  D.  C,  May  31, 1869. 

SiE :  The  report,  with  the  accompanying  papers  of  the  commission  con- 
stituted by  Special  Orders  No.  72  from  the  Adjutant  General's  Olhce, 
to  examine  and  report  upon  the  bridge  proposed  to  be  built  between 
the  cities  of  New  York  and  Brooklyn,  is  herewith  respectfully  submitted 
to  the  Secretary  of  War. 

After  an  examination  of  them  and  a  careful  consideration  of  the  sub- 
ject, the  conclusion  at  which  I  have  arrived  is  that  the  proposed  bridge, 
if  built  subject  to  the  conditions  recommended  by  the  commission, 
i^ith  the  prescribed  height  in  the  middle,  of  one  hundred  and  thirty  feet 
above  mean  high  water  of  spring  tides,  will  conform  to  the  require- 
ments of  tlie  act  of  Congress  '^not  to  obstruct,  impair,  or  ipjuriously 
modify  the  navigation  of  the  river,"  and  I  recommend  to  the  Secretary 
of  War  approval  of  the  same. 

The  phrase  in  the  act  of  Congress  "  not  to  obstruct,  impair,  or  inju- 
riously modify  the  navigation  of  the  river,"  was  prepared  by  myself,  and 
with  reference  to  the  meaning  attached  to  those  words  by  the  best  author- 
ities, and  they  were,  I  believe,  used  in  the  act  with  that  understanding 
of  them. 

I  would  further  recommend  that  the  bridge  company  be  furnished 
with  a  copy  of  the  report  of  the  commission. 

Very  respectfidly,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brigadier  General  and,  Chief  of  Engineers. 

Hon.  Jno.  a.  Rawlins, 

Secretary  of  War. 


.  New  Yoek,  May  22, 1869. 

General:  The  commission  constituted  by  Special  Orders  No.  72,  from 
the  Adjutant  General's  OfOice,  to  examine  and  report  upon  the  bridge 
proposed  to  be  budlt  between  the  cities  of  New  York  and  Brooklyn,  by 
the  New  York  Bridge  Company,  having  completed  the  investigation  of 
the  subject,  has  the  honor  to  submit  the  following 

report. 

The  questions  submitted  in  the  instructions  from  the  War  Department 
for  investigation  by  the  commission  are  taken  up  in  order : 

1st.  To  ^4'eport  upon  the  plan  and  location  of  the  bridge,  and  the  prac- 
ticability of  the  structure." 

It  should  be  stated  that  the  bridge  company  furnished  the  commission 
with  drawings,  exhibiting  the  plan  and  location  of  the  proposed  bridge. 
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and  copies  of  estimates  and  other  papers  relating  to  the  eonstmctioiii 
which  tended  to  assist  and  diminish  the  labors  of  the  commission  in  its 
investigation.  The  company  also  presented  certain  modifications  pro- 
posed, but  not  yet  officially  adopted,  consisting  essentially  in  an  increase 
of  tike  width  of  roadway,  from  eighty  to  eighty-four  feet;  in  an  enlarge- 
ment of  the  steel  wire  cables  to  a  diameter  of  fifteen  inches,  and  a  c<»i8e- 
qnent  increase  in  the  sustaining  power  of  the  bridge;  in  reducing  the 
number  and  positions  of  the  sliding  joints  introduced  to  allow  of  the 
expansion  and  contraction  resulting  from  changes  of  temperature,  and 
certain  other  modifications  of  details  to  adapt  them  to  the  increased  width. 

As  will  be  seen  from  the  accompanying  maps  and  drawings,  the  bridge 
js  to  commence  on  the  Brooklyn  side,  at  a  point  near  tjie  intersection  of 
Sands  and  Fulton  streets,  and  to  terminate  at  a  point  on  Chatham  street 
in  New  York  opposite  to  the  «*Hall  of  Eecords,'' 

The  principal  dimensions  of  the  bridge,  as  presented  in  the  plans, 
as  follows: 


Length  of  approach  on  New  York  side,  from  terminus  to  centre 
of  to  wer 2, 381 

Length  of  approach  on  Brooklyn  side,  from  terminus  to  cental 
of  tower 1, 881 

Length  of  river  span,  from  centre  to  centre  of  towers 1, 600 

Total  length 5, 862 

Total  width,  according  to  proposed  modification 84 

Cle-ar  height  of  river  span,  at  centre,  above  high  water 130 

Clear  height  of  river  span,  at  towers,  above  high  water 113 

Grade  of  approach,  on  the  New  York  side,  per  100  feet 3. 44 

The  mode  of  sinking  the  foundations  for  the  towers,  and  the  plan  for 
erecting  the  superstructure,  have  been  carefully  examined  and  are 
believed  to  be  entii*ely  practicable,  while  in  regard  to  the  stability  of 
the  structure,  when  completed,  no  doubts  are  entertained;  nor,  in  the 
opinion  of  the  commission,  need  any  danger  be  apprehended  for  an 
indefinite  period  of  time,  (if  repairs  and  preservation  are  properly  a^ 
tended  to,)  of  an  entire  or  partial  destruction  of  the  bridge,  either  finom 
passing  loads  or  high  winds,  excepting  possibly  in  the  event  of  a  tornado 
of  such  violence  as  to  destroy  a  large  portion  of  the  buildings  in  its  track, 
the  power  of  which  cannot  be  submitted  to  calculation;  sach  a  ocmthi- 
gency  is  however  so  remote  as  not  to  be  worthy  of  serious  consideratioB. 

It  may  be  stated  in  this  connection  that,  contrary  to  the  common  opin- 
ion,  great  magnitude  in  a  properly  proportioned  structure  of  this  Jdnd  is 
an  important  element  of  safety  against  accidents  resulting  from  high 
winds,  since  the  weight  and  resistance  to  oscillation  increase  in  a  greater 
ratio  than  the  surflEtce  exposed  to  wind  action. 

It  also  appears  that  the  ratio  of  the  greatest  possible  moving  load  to 
the  weight  of  the  structure  constantly  diminishes  as  the  span  increaaeflL 
For  example,  in  a  span  of  one  hundred  feet,  the  greatest  moving  load 
might  be  equal  to  twice  the  weight  of  the  supersta*ucture  itself,  while  in 
a  span  of  sixteen  hundred  feet,  it  would  be  less  than  one  half  of  that 
weight;  of  course  the  deflection  and  oscillation,  or  undulation  due  to  the 
moving  load,  would  diminish  in  similar  ratio. 

2d.  ^  What  effect  the  piers  and  tower  foundations  and  abntm^its  wiQ 
have  upon  the  navigation  of  the  river,  upon  its  regimen  and  upon  the 
approaches  to  the  harbor  of  New  York.'' 

In  relation  to  this  question  the  opinion  of  the  commission  is  very  de- 
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cided.  The  towers  beincr  within  the  lines  established  by  the  State  of 
T^ew  York  beyond  which  no  pier  or  wharf  can  be  extended,  can  have 
no  sensible  in^nenoe  upon  the  navigation  of  the  East  Biver,  or  upon  its 
regimen  or  upon  the  approaches  to  the  harbor  of  New  York,  beyond  what 
the  piers  or  wharves,  as  now  authorized,  occasion. 

dd.  ^<  To  what  extent  the  bridge  will  obstruct  or  interrupt  the  passitge 
of  vessels,  and  the  free  access  to  the  United  States  navy  yard  at 
Brooklyn." 

To  the  answer  to  the  third  question  the  commission  has  given  much 
attention,  and  it  has  indeed  occasioned  by  far  the  largest  part  of  its 
labors. 

So  far  as  relates  to  the  free  access  to  the  navy  yard  at  Brooklyn,  the  • 
commissioD,  after  a  personal  interview  with  Bear- Admiral  Oodon,  com- 
manding at  the  yard,  addressed  him  a  communication,  a  copy  of  which 
is  with  the  accompanying  papers,  asking  the  effect  which  the  proposed 
bridge  would  have  upon  the  free  access  of  government  vessels  to  the 
navy  yard.  His  reply,  which  is  also  furnished,  shows  that  so  far  as 
the  naval  interests  connected  with  the  yard  are  concerned,  the  pro- 
posed bridge  should  not  be  deemed  an  obstruction. 

As  regards  vessels  in  the  merchant  service,  the  commission  has  exam- 
ined shipping  merchants,  nautical  men,  and  other  experts,  as  directed 
in  the  War  Department  instruction,  and  has  made  personal  examina- 
tions of  shipping,  wharves,  dry  docks,  and  other  matters  having  relation 
to  the  subject  committed  to  its  consideration.  Applications  were  also 
made  to  the  Chamber  of*  Oommerce,  to  the  Ship-owner's  Association,  and 
to  the  Vessel-owners  and  Captains'  Co-operative  Association,  all  of 
which  are  recognized  organizations  in  New  York,  having  in  charge  the 
various  commercial  interests  they  represent,  and  whose  responses  are 
furnished  with  the  accompanying  papers.  Of  these  the  two  latter,  and 
many  of  the  proiierty  owners,  witfehousemen,  and  merchants,  oppose  the 
construction  of  the  bridge,  on  account  of  the  alleged  ii\jnry  to  commerce 
and  property  connected  therewith,  arising  from  want  of  sufficient  height 
above  the  water  to  permit  the  passage  under  it  of  vessels  of  the  largest 
class,  with  all  their  spars  standing;  the  striking  of  which  would  involve 
a  cost  which  they  maintain  would  be  seriously  detrimental  to  the  various 
interests  involved.  The  drawings  presented  by  the  two  associations 
named  show  that  ships  of  a  certain  class  can  pass  the  bridge  only  by 
striking  all  their  spars  above  the  main- topmast;  and  the  expense  of  this 
work,  which  it  is  sdleged  cannot  be  done  by  the  regular  crews,  but  must 
be  done  by  riggers  especially  employed  for  the  purpose,  as  well  as  the 
detention  to  the  vessel  occasioned  thereby,  they  estimate  will  impose 
a  serious  tax  upon  commerce. 

So  far  as  the  striking  of  the  higher  spars  of  large  vessels  is  necessary, 
just  so  far  the  bridge,  at  its  proposed  height,  ^'  wiU  obstruct  or  interrupt 
the  passage  of  vessels,"  but  the  vastly  larger  prox>ortion  of  vessels  ^- 
quenting  the  East  Biver,  embracing  sloops,  schooners,  brigs,  barks, 
steamers  of  all  kinds,  and  ships  of  the  smallest  class,  may  pass  under 
the  bridge  without  obstruction  or  interruption,  with  all  their  spars 
standing. 

4tb.  ^^  Such  other  facts  and  views  as  may  be  found  to  have  an  impor- 
tant bearing  upon  the  question,  whether  the  said  bridge,  when  built^ 
will  conform  to  the  prescribed  conditions  of  the  act  of  Congress  relating 
toit.» 

This  portion  of  the  instructions  is  the  only  one  which  has  occasioned 
any  embarrassment,  and  it  turns  entirely  upon  the  construction  to  be 
given  to  the  act  of  Congress  requiring  that  the  bridge  shall  not  ^*  obstruct" 
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the  navigation  of  the  river.  If  this  word  is  to  be  taken  in  its  strietest 
sense — ttiat  the  bridge  shall  offer  no  impediment  whatever  to  tliefiree 
passage  of  vessels  of  any  class;  shall  impose  no  necessity  of  sending 
down  or  disturbing  their  loftiest  spars — ^then  tlie  bridge  is  inadmisaibk 
under  the  terms  of  the  act.  The  members  of  the  commission  do  not 
pretend  to  such  knowledge  of  law  as  to  claim  for  their  opinion  a  woght 
which  should  decide  the  question,  but  taking  the  cases  of  other  bridgeB 
which  have  been  authorized,  in  which  the  height  decided  upon  was  sndi 
as  to  require  preparations  for  passing  similar  to  those  which  will  be 
indisi>ensable  in  this  instance,  and  assuming  that  Congress,  when  passing 
this  act,  was  aware  that  many  sea-going  ships  carried  spars  reaehing 
far  more  than  one  hundred  and  thirty  feet  above  the  water  line,  we  are 
of  opinion  that  it  was  not  the  intention  to  use  the  word  *^  obstruct"  in 
its  strictest  sense,  but  to  imply  by  it  that  the  bridge  should  not  present 
a  serious  obstacle  to  the  pass^ige  of  vessels.  As  has  been  stat^  a  laige 
proportion  of  the  shipping  frequenting  the  harbor  of  New  York,  whether 
considered  in  reference  to  tonnage  or  number  of  vessels,  will  pass  the 
bridge  absolutely  without  impediment,  with  all  their  spars  standing. 
Should  the  necessity  therefore  for  striking  the  spars  of  certain  vessete 
be  construed  as  constituting  the  bridge  an  obstruction  f  In  the  jadg- 
raent  of  the  commission  it  should  not;  though  it  feels  bound  to  distinetlj 
present  the  question  for  the  decision  of  the  War  Department 

While  the  commission  ieels  compelled  to  adopt  the  foregoing  constnie- 
tion  of  the  law,  yet  the  members  feel  it  their  duty  to  place  upon  record 
their  opinion  as  to  the  proper  height,  which  under  all  the  circumstaDces 
should  be  established  for  the  bridge.  An  addition  of  fiive  to  ten  feet  to  the 
present  height  would  permit  almost  every  vessel  submerged  to  half  load 
line — advantage  being  taken  of  the  time  of  tide — to  pass  with  top-gal- 
lants standing.  The  light  spars  only  above  the  top-gallant  would  be 
sent  down.  This  is  shown  by  the  following  table  prepared  from  the  data 
supplied  by  the  ship-owners'  association,  fijdng  the  heights  of  the  top- 
gallant masts  above  the  water-line. 


27aiiie  of  ships. 


Hudson 

PalcBtine 

Amatnn    

J.  C.  Calhoun 
K".  B.  Palmer. 
Constellation  , 
Mercury 


Hel;!bt  irhen 

Height  when  Iseight  at  half 

light. 

loaded.           load  line. 

ft  in. 

fit  Ak 

/C.  in. 

137 

185    6 

131    3 

14S    6 

131 

136    9 

141    « 

131    6 

136    6 

143 

139    6 

135    9 

196 

116    9 

181    3 

137    3 

125    3 

131    3 

129 

119 

1S4 

TOBBMgt 


"•HI 
I.* 

1,8; 
i,a 


The  rise  and  fall  of  tides  to  be  applied  to  this  table  is  four  feet  six 
inches — this  being  the  difference  of  level  between  mean  high  water  of 
spring  tides  and  mean  low  water. 

It  should  be  remarked  that  while  most  ships  have  their  masts  abo^ 
the  top>mast  in  one  stick,  at  a  slight  expense  the  top-gallants  conld  be 
fidded,  to  allow  the  royals  and  all  above  to  be  sent  down  or  houaed, 
without  disturbing  the  top-gallants. 

While  all  the  members  of  the  commission  fully  recogniase  the  desiraU^ 
ness  of  giving  additional  height  to  the  biidge,  and  while  two  of  them  rec- 
ommend that  this  condition  be  required  of  the  bridge  company,  the  third 
member  is  of  the  opinion  that  the  grade  of  the  approaches  u|K>n  theKew 
York  side  will  not  admit  of  sensible  increase,  and  for  this  reason,  'v^ 
not  in  favor  of  prescribing  additional  height  for  the  bridge. 
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As  conneoted  with  the  original  qnestion  of  the  bridge,  and  as  directly 
bearing  upon  the  point  now  under  consideration,  the  commission  wonld 
invite  attention  to  the  commipiication  from  the  Chamber  of  Commerce 
in  favor  of  the  bridge,  in  which  the  opinion  is  expressed  that  the  incon- 
venience of  striking  the  npper  spars  shoald  be  cheerfully  borne  by  ship- 
ping and  commercial  interests,  in  view  of  the  advantages  which  ofher 
important  interests  wonld  derive  fifom  its  construction:  to  the  papers 
submitted  by  the  bridge  company  in  reply  to  the  objections  presented  by 
the  opponents  of  the  bridge;  and  to  the  letter  of  the  mayor  of  ]S"ew  York 
advocating  its  construction  in  view  of  the  advantages  which  would 
result  therefrom  to  the  city  of  New  York  and  the  surrounding  country. 

In  the  conclusions  to  which  the  commission  has  arrived,  the  relation 
of  the  various  interests  involved  has  not  been  taken  into  consideration 
as  it  was  not  required  by  the  strict  letter  of  the  instructions  from  the 
War  Department.  As  it  might,  however,  be  considered  as  being  within 
the  general  scope  of  those  instructions,  it  may  not  be  amiss  to  remark 
that  the  commission  has  been  convinced  by  its  examination  of  the  subject 
that  a  bridge  over  the  East  Biver  is  rapidly  becoming  a  necessity;  that 
its  construction  will  furnish  fecilities  of  communication  already  required 
by  the  population  of  New  York,  Brooklyn,  and  vicinity. 

Should  it  be  decided  to  allow  the  bridge  to  be  built,  the  commission 
recommends  that  the  following  conditions  be  insisted  on,  viz: 

1.  That  the  dimensions  and  coefficients  of  stability  of  the  various 
parts  of  the  structure  shall  not  be  reduced  below  those  represented  in 
the  papers  submitted  to  the  commission. 

2.  That  the  center  of  the  main  span  shall  under  no  conditions  of 
temperature  or  load  be  less  than  the  prescribed  height  in  the  clear, 
above  mean  high  water  of  spring  tide,  ^  as  established  by  the  United 
States  Coast  Survey. 

3.  That  no  portion  of  the  grillage  or  enrockments  of  the  pier  or 
tower  foundations  above  the  natural  river  bed  shall  project  beyond  the 
pier  lines,  as  established  by  the  laws  of  the  State  of  New  York. 

4.  That  no  guys  or  stays  shall  ever  be  attached  to  the  main  span  of 
the  bridge,  which  shall  hang  below  the  bottom  chords  thereof. 

The  conclusions  of  the  commission  may  be  recapitulated  as  follows : 

1.  That  there  is  no  doubt  of  the  entire  practicability  of  the  structure, 
nor  of  its  stability  when  completed. 

2.  That  no  sensible  effect  will  be  produced  by  the  pier  or  tower  foun- 
dations and  abutments  (towers)  upon  the  navigation  of  the  river,  upon 
its  regimen,  nor  upon  the  approaches  to  the  harbor  of  New  York. 

3.  That  the  bridge  will  not  offer  any  important  impediment  to  the 
free  access  of  naval  vessels  to  the  United  States  navy  yard  at  Brooklyn, 
nor  any  obstruction  or  interruption  to  the  passage  of  merchant  vessels 
under  it,  further  than  requiring  the  larger  and  more  numerous  class  of 
ships  to  send  down  or  house  their  royals,  and  in  some  cases  their  top-gal-, 
laht  masts. 

4.  That  the  bridge  ad  proposed  will  conform  to  the  prescribed  con- 
ditions of  the  act  of  Congress  relating  to  it,  unless  it  be  decided  that 
the  word  ^^  obstruct  or  impair'^  implies  that  it  shall  not  necessitate  any 
such  preparation  for  passing  it,  on  the  part  of  vessels  of  the  larger  class, 
as  is  involved  in  the  housing  or  sending  d6wn  of  top-gallant  masts,  royal 
or  sky-sail  masts. 

5.  Conditioi^s  recommended  to  be  insisted  on,  in  case  it  should  be 
decided  to  permit  the  construction  of  the  bridge.  (See  concluding  para- 
graphs of  report.) 
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The  p^perB  aooampanyiBg  this  report  aie  enomented  in  the  lisi  hoe- 
nith. 

Bespectfiilly  sabmittetL  

H.  G.  WSIGHT, 
LieuL  CoL  ofEngimeeTBy  BvL  Mm,  Qol 

JOHN  HBWTOS, 
Lieut.  OoL  ofSnpiMer$j  BnL  Mm.  0m. 

W.  B.  Kpf  a, 
O^gfUrim  ofEngmeenj  BrmMtMsj/fr. 

Brt  Maj.  Gen.  A«  A«  Hukphbeys, 

Okie/ of  BngineBra  U.  8.  A.j  WaMmgkmj  D.  O. 


JUstofp(ig^er$jmaipsanddramnff9inelo9$d 

CommiiiiaiL 

1.  Maps,  diawings  and  papers  fixna  Mr.  Boebling,  A. 

2.  Letter  to  Adimral  G.  W.  Gedon  and  reply,  B. 

3.  Pai>er8  from  Saomel  B.  B.  Kowlaa,  0. 

4.  Papers  from  George  W.  Dow,  D. 

5.  Papers  fix>m  Chamber  of  Commerce,  B. 

6.  Papers  frt>m  BhixH>wner8'  associaticHii  F. 

7.  Papers  from  Henry  C.  Mnrphy,  G. 

8.  Papers  from  A.  Oakey  Hall,  H. 

9.  Papers  from  Engineer  Department,  L 
10.  Diagram  of  mast  of  vessels,  J. 
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[Public— No.  53.] 

AN  ACT  to  establish  a  bridge  across  the  East  Birer  between  the  cities  of  BrooMyn  and 

New  York,  in  the  State  of  New  York,  a  post  road. 

Be  it  enacted  hy  ike  Senate  and  JEbttfe  of  Bepresentatwes  of  Ae  Unitei 
States  of  America^  in  Congress  assembled^  That  the  bridge  across  the  £ast 
River,  between  the  cities  of  New  York  and  Brooklyn,  in  the  State  of 
New  York,  to  be  constructed  under  and  by  virtue  of  an  act  of  the  legis- 
lature of  the  State  of  New  York,  entitled  "An  act  to  incorporate  the  New 
York  Bridge  Company  for  the  purpose  of  constructing  and  maintammg 
a  bridge  over  the  East  Biver  between  the  cities  of  New  York  and  Brook- 
lyn,'^  passed  April  sixteenth,  eighteen  hundred  and  sixty-seven,  is  hereby 
declared  to  be,  when  completed  in  accordance  with  the  aforesaid  law  ii 
the  State  of  New  York,  a  lawful  structure  and  post  road  for  the  conrey- 
ance  of  the  mails  of  the  United  States:  Ptovidedy  That  the  said  brid^ 
shaU  be  so  constructed  and  built  as  not  to  obstruct,  impair  or  injuriously 
modify  the  navigation  of  the  river;  and  in  order  to  secure  a  compliance 
with  these  conditions,  the  company,  previous  to  commencing  the  constnie- 
tion  of  the  bridge,  shall  submit  to  the  Secretary  of  War  a  plan  of  the 
bridge,  with  a  detailed  map  of  the  river  at  the  proposed  site  of  the 
bridge,  and  for  the  distance  of  a  mile  above  and  below  the  site,  exhibit- 
ing the  depths  and  currents  at  all  points  of  the  same,  together  with  all 
other  information  touching  said  bridge  and  river  as  may  be  deemed 
requisite  by  the  Secretary  of  War  to  determine  whether  the  said  bridge, 
when  built,  will  conform  to  the  prescribed  conditions  of  the  act,  not  to 
obstruct,  impair,  or  ii\juriously  modify  the  navigation  of  the  river. 

Sec.  2.  And  he  it  further  enacted^  That  the  Secretary  of  War  is  hereby 
authorized  and  directed,  upon  receiving  said  plan  and  map  and  other 
information,  and  upon  being  satisfied  that  a  bridge  built  on  such  plan, 
and  at  said  locality^  will  conform  to  the  prescril^  conditions  of  this 
act,  not  to  obstruct,  impair,  or  injuriously  modify  the  navigation  of  said 
river,  to  notify  the  said  company  that  he  approves  the  same;  and  upon 
receiving  such  notification  the  said  company  may  proceed  to  the  erection 
of  said  bridge,  conforming  strictly  to  the  approved  plan  and  locatioiL 
But  until  the  Secretary  of  War  approve  the  plan  and  location  of  said 
bridge,  and  notify  said  company  of  the  same  in  writing,  the  bridge  shall 
not  be  built  or  commenced;  and  should  any  change  be  made  in  l£^e  plan 
of  the  bridge  during  the  progress  of  the  work  thereon,  such  change  shall 
be  subject  likewise  to  the  approval  of  the  Secretary  of  War. 

Sec.  3.  And  he  it  further  enacted,  That  Oongress  shall  have  power  at 
any  time  to  alter,  amend,  or  repeal  this  act. 

Approved  March  3, 1869. 

Dbpabtment  op  State, 

Washington,  AprU  1, 1869. 

A  true  copy. 

E.  S.  CHEW,  Chief  Cleric 


Office  op -the  Chief  of  Engineers, 

Washington,  D.  O.,  May  31, 1869. 

Sib:  The  report  with  accompanying  papers  of  the  commission  consti- 
tuted by  Special  Orders  No.  72,  from  the  Adjutant  General's  Office,  to 
examine  and  report  upon  the  bridge  proxK)sed  to  be  built  between  the 
cities  of  New  York  and  Brooklyn,  is  herewith  respectfWfy  submitted  to 
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the  Secretary  of  Wax.  After  an  examination  of  them,  and  a  careful 
consideration  of  the  subject,  the  conclusion  at  which  I  have  arrived  is, 
that  the  proposed  bridge,  if  built  subject  to  the  conditions  recommended 
by  the  commission,  with  the  prescribed  height  in  the  middle  of  one  hun- 
dred and  thirty  feet  above  mean  high  water  of  spring  tides,  will  conform 
to  the  requirements  of  the  act  of  Congress,  "not  to  obstruct,  impair,  or 
injuriously  modify  the  navigation  of  the  river,"  and  I  recommend  to  the 
Secretary  of  War  approval  of  the  same. 

The  phrase  in  the  act  of  Congress  "  not  to  obstruct,  impair,  or  injuri- 
ously modify  the  navigation  of  the  river''  was  prepared  by  myself,  and 
with  reference  to  the  meaning  attached  to  those  words  by  the  best 
authorities:  and  they  were,  I  l^lieve,  used  in  the  act  with  that  under- 
standing 01  them. 

I  would  fhrther  recommend  that  the  bridge  company  be  furnished 
with  a  copy  of  the  report  of  the  commission. 

Very  respectfully,  your  obedient  servant, 

A.  A.  HTTMPHEBTS, 
Brigadier  General  and  Chief- of  Engineer 9. 

Hon.  John  A.  Eawlins, 

Secretary  of  War. 

[IndoiBoment.] 

War  Department,  June  19, 1869. 

Eespectfolly  returned  to  the  Chief  of  Engineers,  whose  views  and  recom- 
mendations, as  well  as  those  of  the  commission  herein  referred  to,  are 
concurred  in  and  approved;  provided,  that  the  height  of  the  center  of 
the  main  span  of  the  bridge  shall  not  be  less  than  one  hundred  and 
thirty-five  feet  in  the  clear,  at  mean  high  water  of  the  spring  tides,  and  pro- 
vided further  that  the  structure  shall  conlorm  in  all  other  respects  to  the 
conditions  recommended  by  the  commission. 

The  Chief  of  Engineers  will  furnish  the  bridge  company  with  a  copy 
of  the  act  establishing  the  bridge,  a  copy  of  the  report  of  the  commission 
and  of  this  report,  and  will  notify  the  company  that  the  plan  and  loca- 
tion of  the  bridge  are  approved,  subject  to  the  conditions  herein  imposed. 

JNO.  A.  EAWLmS, 

Secretary  of  War, 


Q4. 

United  States  Engineer  Office, 
Houston,  corner  Greene  Street, 

New  'York,  October  14, 1869. 

General:  I  have  the  honor  to  present  thefoUowing  report  of  the 
operations  for  the  removal  of  the  wreck  of  the  steamship  Scotland,  situ- 
ated in  the  south  channel  of  New  York  Harbor,  near  Sandy  Hook,  New 
Jersey,  for  the  fiscal  year  ending  June  30, 1869 : 

report. 

• 

In  accordance  with  letter  of  August  1, 1868,  from  Headquarters  Corps 
of  Engineers,  informing  me  that  one  hundred  thousand  dollars  had  been 
appropriated  by  Congress  for  the  removal  of  the  wreck  of  the  steamship 
Scotland,  and  placing  me  in  charge  of  the  work,  I  advertised  nnder 
date  of  August  5, 1868,  for  proposal^  for  removal  of  the  wreck. 
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The  contract  was  awarded  on  the  5th  September,  186S,  to  the  If  ^tone 
^abmarine  Company  of  New  York  Gily,  the  lowest  bidd^s,  for  the  sum  of 
f  63yS0O,  and  all  the  rights  of  the  United  States  to  the  vessel  and  csurgo, 
as  per  abstract  of  proposals  herewith,  to  which  is  attached  a  copy  of  the 
advertisement;  the  wreck  to  be  removed  by  the  1st  Becemb^,  18G9. 
This  company  entered  into  contract  on  the  9th  of  September,  giTuig 
bonds  for  $30,000  of  same  date,  for  its  fshithfial  performance. 

The  company  commenced  operations  on  the  22d  of  September  and 
made  various  reports  of  the  progress  of  the  work,  and  having  notified 
me  that  they  were  ready  for  a  survey  of  the  first  section  of  the  wreck|  I 
dispatched  on  the  13th  April,  1869,  the  United  States  engineer  steamcf 
belonging  to  the  fort  at  Sandy  Hook,  with  competent  surveyors  and 
submarine  divers  under  charge  of  my  assistants  at  this  office.  The  result 
of  this  survey,  which  occupied  several  days  and  was  very  accurately 
made,  although  not  allowing  of  the  payment  of  the  contractors  for  the 
removal  of  the  first  section  of  the  wreck,  was  satisfactory  and  demonstra- 
ted the  fact  that  real  progress  had  been  made  upon  several  portions  of 
the  wreck.  The  process  used,  that  of  exploding  gunpowder  confined  in 
strong  kegs,  the  charges  being  placed  near  the  part  to  be  detached, 
has  to  this  period  proved  efficient. 

Eespectfiiily  submitted. 

JOmj  NEWTON, 
Lieuit.  OoL  Engineers  a/nd  Bvt  Maj,  Oen.  U.  8.  A, 

Bvt.  M^.  Gen.  A.  A.  Huhphbeys, 

Okie/ of  Mngineersj  Washingtanj  D.  O. 

Note. — ^The  first  section  of  the  wreck  has  been  removed  and  paid  for 
since  the  commencement  of  this  fiscal  year. 

FINANOUI.  STATEMENT. 

Amount  appropriated  by  Congress  as  per  letter  from  Head- 
quarters Corps  of  Engineers,  August  1, 1868 $100, 000  00 

Expended  during  the  fiscal  year  ending  June  30, 1869 940  86 

Amount  available  June  30, 1869.' 99, 059  14 


United  States  Engmneee  Office, 

No.  27  West  Houston  Stbeet, 

Ifew  Yorky  August  5, 1868. 

Sealed  proposals  will  be  received  at  this  office  untH  12  noon  of  Satur- 
day, September  5,  1868,  for  the  removal  of  the  wreck  of  the  steamer 
Scotland,  situated  in  the  South  Channel,  near  Sandy  Hook,  New  Jersey' 

The  wreck  and  all  material  pertdLning  to  the  vessel  must  be  removed 
to  a  depth  of  at  least  twenty-two  and  one-half  feet  mean  low  water,  and 
no  portion  shall  again  be  deposited,  after  removal,  below  high- water 
mark.    The  work  must  be  completed  by  December  1, 1869. 

The  wreck  will  be  divided  into  three  sections  by  dividing  the  space 
from  the  bow  to  the  stem  into  three  equal  i)ortions.  When  the  flrst 
section,  beginning  at  the  bow,  has  been  removed  to  the  prescribed 
depth,  and  according  to  the  foregoing  conditions,  one-quarter  of  the 
stipulated  price  for  the  removal  will  l^  paid^  when  the  second  secticA 
has  been  removed,  one-quarter  of  the  price,  as  above,  will  be  paid;  and 
when  the  third  section  has  been  removed,  the  balance  of  the  stipulated 
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sum  win  be  paid;  provided^  that  the  work  shall  be  proseoated  and 
finished  in  the  otAer  abo^«  given.  ^ 

Proposals  mnst  state,  fin^  the  smn  in  money  asked  for  the  remoTaL 
ef  the  wreok.  tiie  oontraotor  receiving  notiliing  from  the  proceeds  of  the 
material  ana  carso  removed;  second,  the  sum  in  money  asked,  tliie 
United  States  waiving  in  favor  of  the  contractor  all  its  interest  in  the 
proceeds  rf  tilie  material  and  cargo  removed. 

I^oposals  to  be  accompanied  by  a  guarantee  of  two  responsible  perscm 
that  the  bidder  will  execute  a  contract. 

Hie  proposals  and  guarantee  will  be  of  the  form  to  be  obtained  at  this 
office. 

No  bids  exceeding  one  hundred  thousand  dollars  will  be  entertained. 

JOHN  NEWTON, 
Lieut  Cot  of  Engineers  cmd  Bvt.  Maj.  Qen.  U.  8.  A. 


JJntraet  nf  prapoMla  received  in  answer  to  advertisement  dated  August  6, 1868,  for  removing 
iks  wreck  of  ilM  steamer  Seotland,  sUwOed  in  the  South  Ckanndf  near  Sandu  Hooky  New 
YorkHarhor,  epassd  at  12  o'olocfc^  noon,  of  September  5, 180& 


Nnmbear 
indoned 
on  back 
of  bid. 


1. 
9. 


4. 
5. 

6. 


e. 

9. 
10. 

11. 

IS. 


Name  of  bidder. 


Johnllaiuigaii... 

1.  Keptane  Snbnuuine  Company,  by 

JriMnh  Havs.  proBident 

%.  Nepnuie  SuDmartne  Company,  by 

Joseph  Hays,  president 

George  B.  Linooln 

The  Coaat-WreoUng  Compaay,   by 

Charlea  Dennia,  ohalrman 

Kew  York  Submarine  Con^any,  ^7  & 

Samnela,  president 


B.  F.  Folger  ft  Co 

WUUam  P.  Coe 

C.  H.  KaDison 

John  Waters,  per  William  Y.  A.  Mnl- 

haQon  

Qeorge  W.  Beardalee 

Beeennad,  lioodfty,  September  7, 1816 : 

two  days  too  late,  and  stfll  unopened. 


Porremoralof 
wreck. 


|8B»seooo 


84,600  09 

140,000  00 

89,500  00 

90,000  00 

84,000  00 
74,900  00 

67,850  00 
80,000  00 


For  remoral  of 
wreok,  with 
rights  of  the 
urs.tooa(rao 
andmaterlala. 


190,000  00 


69,900  00 
69,690  00 

99^000  00 

87,000  00 

97,740  90^ 

80,00000 
79,000  00 

65,000  00 
79,000  00 


Bemarks. 


ThisUdisitiftinMl 

and  unintelligible. 
This  bid  is  informaL 
Do.         do. 
Do.         do. 


I  certify  that  the  aboYe  abstract  is  correct. 

JOHN  ITEWTON, 
lAefU^  OoL  Engineers^  Bvt.  Mqj.  OenertU  U.  8.  A. 


Appeivdix  B. 


ENamEEB  Office  United  States  Ajbmt, 

ITetoportj  JK.  J.,  August  21  j  1880. 

Oenebal:  In  compliance  with  circular,  dated  Office  Chief  of  Engi- 
neers, Washington,  D.  C,  Jnne  12, 1869,  1  have  the  honor  to  snbmit 
the  following  annual  report  of  progress  on  the  works  of  river  and 
harbor  improvements  and  surveys  in  my  charge  for  the  year  ending 
Jane  30, 1869: 

nOPBOTEDIENT  OF  PAWTT70KET  BIYEB,  BHODE  ISLAND. 

The  operations  on  this  river  have  been  confined  to  dredging  the  channel 
to  the  extent  permitted  by  the  balance  of  the  appropriation,  viz., 
1457  50. 
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To  complete  flie  work  deemed  neeeflaaiy  Cor  tlie  eomplrti<m  ef  tike 
work  on  thw  riTer,  viz^  dredging  to  obtain  a  ehannel  six  feet  deepit 
mean  low  water,  tbe  sum  of  $15,000  la  estimated. 

In  regard  to  the  points  qpedall j  called  fiv  by  tbe  caeolar,  I  kav«  tibe 
konor  to  r^nnrt  as  follows: 

2±  $15,000;  3d,  $15,000;  4th,  Providence  distziet;  otfa,  Prtrndeaee. 
Sbode  iHland;  Oth,  $184,520  30;  7th,  same  as  pteYioiislj  vqwited;  SO, 
none;  9th,  none;  10th,  none; 

1 1  th^  on  hand  June  30, 1808 $357  » 

Cash  reeeired  during  the  fiscal  year  ending  June  30,  I860 

35750 
Cash  expended  dnring  ibe  fiscal  year  ending  June  30, 1869. .        457  oO 

D  ae  from  tbe  United  States  Jane  30, 1869 100  00 

Amoont  in  treasury  Jane  30, 1869 $100  00 

Available  Jane  30, 1869 

Amoont  required  for  year  ending  June  30, 1871 15,  OOO  00 


IXPROVEKEHT  OP  PBOVIDJBNOK  RHTEB,  BHODB  ISLAND. 

No  work  has  been  done  on  this  river  during  the  year.  It  is  estimated 
that  the  sum  of  $10,000  is  needed  for  the  fisher  improvement  of  this 
river,  as  explained  in  my  annual  report,  dated  August  8^  1869. 

In  regard  to  the  points  especially  called  for  by  the  circnlar,  I  have 
the  honor  to  report  as  follows: 

3d,  $10,000;  4th,  Providence  district;  5th,  Providence,  Bhode  Island: 
6th,  $184,520  30;  7th,  same  as  previous  reports;  8th,  9th,  and  KMh, 
none;  11th,  no  cash  received  or  expended  during  year. 

Amount  required  for  year  ending  June  30, 1871 $10,000  00 


HfPBOYEMENT  OF  THA3EBS  BFVEB,  CONNSOnOXTT. 

The  operations  on  this  river  have  consisted  in  dredging  the  channel 
immediately  below  Norwich,  so  as  to  obtain  a  depth  of  fourteen  feet  at 
high  water. 

The  work,  it  is  expected,  will  be  completed  the  present  season,  and  b 
sufficient  balance  will  be  left  to  enable  an  examination  to  be  made  next 
season  for  the  purpose  of  ascertaining  the  ^ect  of  the  work. 

No  estimate  is  submitted  for  the  fiscfid  year  ending  June  30, 1871. 

In  regard  to  the  points  especially  called  for  by  the  circular,  I  have 
the  honor  to  report  as  follows: 

4th,  third  collection  district  of  Connecticut;  6th,  New  London,  Con- 
necticut; 6th, ;  7th,  same  as  in  previous  reports;  8th,  9th,  and 

10th,  none  during  the  year; 

11th,  on  hand  June  30. 1868 $5,  W2  4« 

Cash  received  during  fiscal  year  ending  June  30, 1869 25, 000  M 

30,942  65 
Expended  during  fiscal  year  ending  June  SO,  1869 29, 662  59 

1,280  06 
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Amount  in  treasury  June  30, 1869 $20, 000  00 

21, 280  06 
Ijess  amount  withheld  in  accordance  with  contract  for 

dredging  until  completion  of  work 6, 972  13 

Available  June  30, 1869 15,307  93 

Amount  required  for  the  year  ending  June  30, 1871 

SXJBVEY  OF  CONIiKOTICUT  BIYEB  FBOM  HABTFOBD  TO  ITS  MOUTH. 

I  made  an  examination  of  the  bar  at  the  mouth  of  this  river  in  July, 
1868,  and  the  result  is  exhibited  on  the  accompanying  sketch.  It  is 
estimated  that,  in  order  to  secure  a  depth  of  eight  feet  at  mean  low 
water  on  this  bar,  one  hundred  feet  in  width,  it  wiU  be  necessary  to 
remove  a  prism  of  five  thousand  cubic  yards. 

It  is  certain  that  no  x>ermanent  results  would  be  obtained  here  by 
dredging,  but  it  is  probable  that  this  depth  could  be  maintained  by  the 
I>eriodicai  use  of  a  scraper. 

ISo  amount  is  estimated  for  this  work  beyond  that  offered  in  previous 
reiK>rts,  viz.,  $70,000,  as  the  improvements  most  needed  on  this  river 
are  the  removal  of  the  bars  and  protection  of  the  banks  below  Hartford, 
detailed  in  my  report,  dated  January  11, 1868. 

In  regard  to  the  points  especially  called  for  by  the  circular,  I  have 
the  honor  to  report  as  follows: 

2d,  $70,000  is  requested  to  excavate  a  channel  two  hundred  feet  wide 
and  eight  feet  deep  at  low  water,  and  an  annual  appropriation  of  $10,000 
to  maintain  it;  3d,  $70,000;  4tibL  Middletown  district;  5th,  Middletown, 
Connecticut;  oth,  $18,848  49;  7th,  same  as  previous  reports;  8th,  9th,  ' 
and  10th,  none  during  the  year; 

nth,  amount  expended  during  the  fiscal  year  ending  June 
30, 1869,  &om  appropriation  for  ^^examinations  and  sur- 
veys on  the  Atlantic  coast"  .-. $229  06 

Amount  required  for  the  year  ending  June  30, 1871 70, 000  00 

BXMOYAl.  OF  MIDDLE  BOCK,  NEW  HAVEN  HABBOB,  CONNECTICUT. 

The  work  on  this  rock  was  suspended  on  the  21st  of  September,  1867, 
owing  to  the  appropriation  being  nearly  exhausted.  The  results  of  the 
survey  were  communicated  to  the  department  in  my  report,  dated  Janu- 
aiy  28,  1868.  To  complete  the  removal  of  this  rock  to  the  depth 
originally  proposed  I  have  estimated  $10,000. 

The  complete  removal  of  the  obstructions  at  the  mouth  of  this  harbor 
requires  not  only  the  removal  of  Middle  Bock,  but  also  that  of  South- 
west Ledge,  and  two  rocks  intermediate  between  the  two,  and  any  plan 
for  the  improvement  of  the  harbor  should  contemplate  the  removal  of 
all  these.  On  the  Southwest  Ledge  there  is  six  and  a  half  feet  at  low 
water,  and  on  the  other  rocks  thirteen  feet  and  fourteen  feet,  respectively. 

The  total  amount  now  estimated  for  removing  these  rocks  is  $65,000.  * 

In  regard  to  the  points  especially  called  for  by  the  drcular,  I  nave 
the  honor  to  report  as  follows: 

Ist,  removal,  by  blasting,  to  a  depth  of  seventeen  feet  at  low  water; 
2d,  Middle  Sock,  $10,000;  Southwest  Ledge,  $30,000;   intermediate 
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rocks,  $25,000;  total,  165,000;  3d,  $90,000;  4th,  Ifow  Haren  disteiet; 
5th,  New  Haven;  7th,  same  as  previous  reports;  8th,  9th,  and  10th,  none 
dnriBg  the  year; 

11th,  amount  on  hand  and  available  June  90, 1888 $256  56 

AvaOable  June  3(h  1869 250  56 

Amount  required  for  the  fiscal  year  ending  June  30, 1871 . .       30, 000  00 


SURVEY  OF  BBIDaSFOBT  HABBOB,  OONKBOTIOTTT. 

A  resurvey  of  this  harbor  was  made  last  year,  in  compliance  witii 
instructions  from  the  Ohief  of  Engineers,  dated  Headquarters  Oorps  of 
Engineers,  Washingtcm,  April  20, 1868. 

^o  plan  was  submitted  for  any  works  for  the  improvement  of  fbis 
harbor. 

In  regard  to  the  points  especially  called  for  by  the  circular,  I  have 
the  honor  to  report  as  follows: 

lltibu  Amount  expended  during  the  fiscal  year  ending  Jima 
30, 1868,  from  approj^datioa  £»  exauuimtions  and  sur- 
veys on  the  Atlantic  coast $1, 208  28 

IMPBOVBMENT  OF  W3SSTPOBI  HABBOB,  GOliinSOIIOUT. 

Kothing  has  been  done  in  this  harbor,  as  the  appropriatioiiy  $2, 500,  is 
entirely  insufficient  to  accomplish  the  improve^ient  desired. 
'    An  additional  amount  of  $10,000  is  estimated  for  the  completion  of 
the  work. 

In  regard  to  tiie  points  especially  called  for  by  tbe  circular,  I  have 
the  honor  to  report  as  follows: 

2d,  $10,000;  3d,  $10,000;  4th,  Fairfield,  Gonnecticut»  district;  Stih, 
Bridgepoit,  Connecticut. 

nth.  On  hand  June  30, 1868 $610  tf 

Gash  received  during  the  fiscal  year  ending  June  30, 1869 . .  3  99 

614  61 

|}zpended  during  fiscal  year  ending  June  30, 1869 74  73 

539  90 

Amount  in  treasury 1, 550  00 

Amount  available  June  30, 1869 2,089  90 

*  "^ 

Amount  required  for  the  year  ending  June  30, 1871  .......    $10, 000  M 

FLYKOUTH  BEACH,  ILiSSAOHUSETTS. 

The  sum  of  $76  61  was  transferred  to  me  on  June  1, 1869,  by  Brevel 
Migor  J.  A.  Smith,  Corps  of  Engineers,  being  the  balance  on  acooiint  of 
the  appropriation  for  '^repairs  of  harbors  on  the  Atlantic  coast,"  appli- 
cable to  the  improvement  of  this  beach. 

The  following  is  a  copy  of  a  statement  furnished  me  by  M%)otr  Snuth, 
of  the  operations  during  the  last  fiscal  year: 

In  the  sammer  of  1866  nearly  $8,000  was  expended  in  the  oonsimction  of  new  woik 
and  in  repairs.  Other  work  was  added  hy  the  State  in  1897,  at  an  enense  of  about 
IS^OOO.    Thibae  works  were  then  deemed  sunicieiit  to  resist  any  aotkm  of  the  8ea>  but  a 
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Btonn  in  the  autumn  of  18G7  carried  away  some  of  the  more  eacpoaed  portionB,  and  a 
second  occurring  the  subseqaeni  winter,  when  tides  were  highest,  carried  away  about 
a  thousand  linear  feet  of  the  strongest  portion  of  the  work,  besides  doing  other  dam- 
age, leaving  the  northern  portion  of  the  beach,  a4jacent  to  the  main  entrance  of  the 
liaroor,  entirely  unprotected  from  the  open  sea,  save  by  some  remaining  portions  of 
a  work  completed  m  1832,  and  the  beacn  itself  so  much  reduced  as  to  be  entirely  sub- 
meraed  at  eztieme  hi^h  tides  for  a  length  of  one  thousand  five  hundred  feet.  The 
Bana  was  such  mat  while  a  slight  action  of  the  sea  would  raise  the  beach,  the  preyail- 
ing  winds  and  heavier  seas  would  drive  the  sand  into  the  channel,  and  it  was  evident 
that  a  severe  storm  woul^  not  only  seriously  injure  the  beach  thus  unprotected,  but 
silso  the  main  channel,  and  leave  it  entirely  exposed  to  ftirther  enoroaehments. 

On  the  last  of  August,  1868,  a  letter  was  received  from  the  Engineer  Bureau,  giving 
information  that  about  $7,000  would  be  made  available  for  expenditures  upon  the  beach. 
It  was  considered  absolutely  essential  to  do  as  much  as  possible  before  the  f/XL  and 
winter  storms  set  in. 

Advertisements  were  issued  for  proposals  for  buildine  the  work.  One  class  to  be  a 
Bubstantial  crib- work  of  timber,  covered  with  plank  and  filled  with  stone ;  the  other  to 
be  the  <^d  triangular  work. 

No  proposals  were  received  untQ  past  the  middle  of  September.  Two  pr<n>osals  only 
were  received,  both  of  which  were  rejected,  as  they  were  deemed  too  high,  with  the 
further  reason  that  it  would  be  nearly  im^oiasible  to  complete  contracts  in  time  to  do 
the  work  before  winter  would  compel  its  suspension.  Lumber  was  immediately 
ordered  for  the  work,  and  a  small  force  em|^oyed  until  the  arrival  of  further  materials. 
Adverse  winds  detained  the  lumber  (from  Bangor,  Maine)  nearly  three  weeks,  so  that 
no  very  active  operations  could  be  commenced  until  the  middle  of  October.  A  vessel 
and  crew  was  then  hired  to  freight  ballast  lor  the  cribs,  and  after  being  several  days 
out  without  doing  anything,  was  lost  in  a  storm.  Other  vessels  were  employed,  but 
the  prevalence  or  storms  and  winds  made  progress  both  slow  and  expensive.  Two 
hundred  linear  feet  of  substantial  crib-woiic  of  timber,  covered  with  plank  and  filled 
with  Mone,  were  oompleted,  the  orib  being  placed  in  a  trench  abont  two  feet  deep,  and  tlie 
plank  on  the  seaward  side  being  driven  deep  to  prevent  the  sea  from  undenmninjg  the 
work.  One  crib  one  hundred  feet  in  length  was  placed  in  positioUp  but  a  storm  m  the 
night,  before  it  could  be  loaded,  drove  it  away  and  lost  some  of  the  timber.  One  hun- 
dred and  seventy-six  linear  feet  of  triangular  work,  similar  to  that  before  used,  were 
comnleted  in  a  trench  three  and  a  half  feet  de^,  and  fiUed  with  aand. 

A  break  in  the  old  work,  fifteen  linear  feet,  was  filled  with  solid  timber  triangles 
and  filled  with  stone ;  and  one  hundred  linear  feet  of  work  consisting  of  posts  set 
four  feet  deep,  covered  both  sides  with  plank  two  feet  hiffh.  One  entire  orib  one  hun- 
dred £eet  loi)g  was  framed  and  a  second  partly  done,  which  could  not  be  put  in  posltlcp 
owing  to  the  unusual  inclemency  of  the  season  and  the  attendant  expense.  Foi  this 
reason  considerable  material  was  left  which  conld  not  be  utilized. 

Through  the  courtesy  of  Mr.  Leavitt  Bobbins,  of  whom  the  timber  was  purchased, 
the  timber  and  tools  were  allowed  to  remain  upon  his  premises,  with  the  understandiuj^ 
that  any  expense  or  trouble  to  himself  would  oe  reimboraed  in  case  of  future  appropn* 
ations. 

On  .the  30th  of  June,  1860^  I  visited  Plymouth  and  examined  the  beach,  finding  the 
works  for  its  preservation  in  an  unfijiished  condition,  and  the  beach  greatly  exposed  to 
the  aet^n  of  the  sea. 

I  will  sabmit  as  early  as  practicable  a  project  and  estimate  for  the 
preservation  of  this  beach,  upon  which  aex>ends  the  existence  of  the 
harbor  of  Plymouth. 

I  inclose  herewith  abstract  of  proposals,  with  names  of  bidders,  for 
this  work. 

I  am.  general,  very  respectfully,  your  obedient  servant, 

D.  0.  HOUSTON, 
Maj.  of  Engineers^  Bvt  Col.  U.  B.  A. 

Bvt  Msy.  Oen.  A.  A.  Humphbeys, 

Chief  of  Engineers^  Wdshifigtonj  D.  0. 
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CImbHo.  1. 

For 

m 
Do 

caMiVo.lL 

For  eoBotmetfaic  Ineakwater  on  PlTmoath 

bcMsb^HMrr. 

Do 


GUEbod  Cvrrlflr 
J.GfBard 

GideoaCi 
J.QiOutd 


•lS,T»fbrl,6it 


i»,iMliarl, 


D.  C.  HOUSTON, 
Major  of  Engineers j  BvL  Colomei  IT.  & 


B  1. 

ENonvEEB  Opfiob  United  States  Abiot, 

Ifewportj  Rhode  Island,  January  23, 1M9. 

Oenebal  :  I  have  the  honor  to  sabmit  herewith  a  tracmg^,  giving  tke 
hydrography  of  Bridgeport  Harbor,  Gonneeticnt,  fit>in  a  survey  made 
daring  the  past  season ;  also  a  report  of  Captain  A.  H.  Holgate,  United 
States  engineers,  in  relation  to  the  harbor. 

From  this  map  and  report,  and  caiefid  stndy  of  the  changes  going  on 
in  the  harbor,  I  do  not  find  it  necessary  to  recommend  at  this  time  the 
constmction  of  any  works  for  the  improvement  of  this  harbor. 

The  channel  and  harbor  facilities  are  essentially  as  good  as  is  showi 
\xy  the  sorvey  of  1837.  The  channel,  at  its  present  depth,  is  a^  artificul 
one  made  by  dredging.  That  it  remains  unchanged  as  to  depth  is  en- 
dence  that  no  serious  ii^jury  has  been  sustained.  It  will  be  time  enongi 
to  expend  money  for  the  improvement  of  this  harbor  when  the  chani^ 
is  found  to  be  inadequate  to  the  necessities  of  commerce,  and  tiioi 
dredging  must  be  resorted  to. 

The  construction  of  groins  on  the  beach  to  the  east  of  the  harbor, 
referred  to  in  Captain  Holgate's  report,  would  check  the  movement  ef 
sand  by  the  flood  tide,  until  the  intervening  spaces  were  fllled  np,  bat 
I  would  not  recommend  their  construction  until  the  necessity  is  more  i^ 
parent  than  at  present. 

The  construction  of  a  breakwater  at  the  mouth  of  the  harbor,  on  the 
line  A  B,  survey  of  1868,  as  has  been  suggested,  would  contract  the 
water-way,  and  effect  such  changes  in  the  currents  as  might  be  of  serioiu 
ii\jury.  I  submit,  therefore,  no  estimate  for  the  improvement  of  tiiis 
harbor. 

It  is  very  doubtful  in  my  mind  whether  there  is  any  permanent  remedj 
for  the  evil  anticipated  by  those  interested  in  the  harbor.  The  effect  rf 
storms  on  the  sandy  bottom  of  a  shoal  harbor  is  necessarily  to  shift  the 
channel  more  or  less,  and  if  it  should  be  found  in  future  that  the  chan- 
nel is  not  maintained  by  the  action  of  the  tidal  current,  it  will  be  neces- 
sary to  excavate  it,  as  was  formerly  done. 

In  compliance  with  Headquarters  Circular,  dated  July  29,  1868,  fur- 
nishing the  ^^  joint  resolution  of  Congress  approved  July  2*^  18^  in 
relation  to  surveys  and  examinations  of  rivers  and  harbors,"  I  submit  a 
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copy  of  a  letter  from  Captain  John  Brooks^  collector  of  castoms  at 
Bridgeport,  containing  all  the  facts  called  for  by  the  reaolution. 

l^e  object  of  this  resolntion  is  as  stated,  to  prevent  the  application 
of  the  public  moneys,  excepting  where  snch  improvements  shall  tend  to 
subserve  the  general  commercial  and  navigation  interests  of  the  United 
States. 

The  extent  to  which  these  general  interests  will  be  subserved  by  any 
improvement  of  Bridgeport  Harbor  is  very  small }  at  all  events,  not 
sufficient  to  warrant  the  expenditure  of  public  money,  unless  the  neces- 
sity is  urgent  and  the  remedy  apparent.  The  trade  there  is  entirely 
local.  The  harbor  is  not  needed  as  a  harbor  of  refuge,  as  Black  Bock 
Harbor,  a  few  miles  to  the  westward,  is  much  more  accessible  and  com- 
modious. 

The  following  information,  called  for  by  Headquarters  Circular,  dated 
June  10, 1868,  is  submitted : 

1st,  no  essential  changes  are  discovered  in  the  channel  since  former 
surveys;  2d,  no  plan  for  the  improvement  has  been  made,  none  being 
deemed  necessary  at  present;  3d, ;  4th,  Fairfield  collection  dis- 
trict: 5th,  New  Haven,  Connecticut;  6th,  $37,945  66;  7th,  number  of 
vessels  arriving  from  foreign  ports  during  the  fiscal  year  ending  June 
30,  1868,  71;  tonnage,  9,242;  average,  116  tons.  Number  cleared  for 
ioreign  ports  in  same  period,  67 ;  tonnage,  8,793 ;  average,  130  tons.  Num- 
ber of  arrivals  and  departures  of  vessels  engaged  in  coasting  trade  in 
same  period  is  estimated  at  2,000,  tonnage  140,000. 

1  am,  general,  very  respectfully,  your  obedient  servant, 

D.  C.  HOUSTON, 
Maior  of  Engineers^  PvL  CoL  U.  8.  A. 

Bvt  Maj.  Gen.  A.  A.  Humphbbys, 

Chief  of  Engineers  United  States  Army^ 

Commanding  Corps  of  Engineers^  WaMngtonj  D.  C. 


New  London,  Connecticut, 

December  19, 1868, 

Sib  :  In  obedience  to  your  order,  datedNewport,  Bhode  Island,  August 
11, 1868,  I  have  the  honor  to  report  that  I  have  visited  Bridgeport, 
Connecticut,  as  occasion  has  demanded,  and  have  carefully  observed 
the  progress  of  the  survey  made  by  Mr.  George  Beckwith,  surveyor. 

This  survey  has  been  delayed  somewhat,  perhaps,  because  Mr.  Beck- 
with, being  city  surveyor,  cannot  And  time  to  attend  properly  to  other 
duties.  Doubtless,  also,  adverse  winds,  tides,  and  the  inexperience  of 
his  assistants  have  contributed  to  retard  his  progress;  I  am  still  await- 
ing his  report. 

I  have  received  some  useful  information  fiK)m  Captain  John  Brooks, 
collector  of  the  port  at  Bridgeport,  and  have  tested,  as  far  as  possible, 
by  actjial  experiments,  his  opinions  and  experience  of  the  directions, 
velocities  and  results  ot  the  tidal  currents,  both  ebb  and  flood,  and  have 
found  them  almost  invariably  correct. 

The  survey  of  the  present  year  will,  I  think,  show  no  material  change 
in  the  depth  of  the  water  in  the  channel  leading  to  Bridgeport  Harbor 
proper,  or  in  the  outer  harbor,  during  the  past  twenty  years,  or  since 
the  survey  of  Lieutenant  Blake. 

Experienced  pilots  and  sea-farina  men  have  feared  that  the  harbor  of 
Bridgeport  is  in  danger  of  being  filed  up  and  destroyed.    In  order  to 
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ascertain  how  mnoh  canae  there  mi^  he  tor  this  apprehension  wni/e^s 
have  heen  made;  and  besides  the  sereral  inq>eetionfl  of  the  faaifaor 
and  its  approaches,  experiments  have  been  inade  to  determine  tbe 
directions  and  velocities  of  the  tidal  corrents.  I  forward  heFewilJi  a 
rongh  sketch  of  the  harbor,  upon  which  is  laid  down,  ae  nearly  as 
possible,  the  rescdts  of  these  exi>eriments,  in  order  to  render  a  wnUci 
description  more  plain.  . 

The  islands  at  the  month  of  Black  Bock  Harbor  (marked  A)  seem  to 
have  been  a  -part  of  the  main  land  Ibrmerly,  bat  were  were  left  in  their 
present  state  by  the  breridng  thiongh  of  the  sea,  probably  during  a 
heavy  storm.  From  half  ebb  to  extreme  low  water  they  are  still  coa- 
nected  with  the  main  land  by  a  low  sandy  beach,  (maiiLed  B.) 

Obtain  John  Brooks  seems  to  be  of  the  opinion  that  from  high  flood 
tide  nntil  abont  half  ebb  the  la^;e  body  of  water  filling  tlie  exteaaiTe 
creeks  and  inlets  mnning  inland  from  Black  Bock  Har^r  sweeps  over 
this  beach,  and  tnmingnortberly  meets  and  partially  connteracts  iAke  ^pom- 
erfol  corrent  which  sweeps  oat  of  the  Gnt  channel^  (marked  C,)  and  whidi 
pexforms  the  important  office  of  scouring  and  keeping  open  the  approachei 
to  the  harbor  of  Bridgeport.  Had  this  idea  of  Captain  Brooke  beea 
jostifled  by  actual  experiment  it  might  have  been  advisable  to  shot  oft 
this  outlet  for  the  waters  of  Black  Bock  Harbor.  However,  this  parti- 
cular tidaJ  current  does  not  run  far  enough  up  towards  the  barter  ol 
Bridgeport  to  have  any  material  damaging  effects,  and  our  attention  is 
tdierefore  directed  to  other  points  in  order  to  determine  the  causes  and 
meet  and  counteract  the  effects  which  have  be^i  apprehended.  LoDg 
Beach  (marked  D)  is  very  much  exposed  to  the  attacks  of  the  sea  during 
all  storms,  coming  from  tiiie  southward,  and  is  composed  mainly  of  loose 
sand  and  shells. 

The  more  important  of  the  tidal  currents  flow  about  as  follows: 
starting  at  extreme  low  water  the  tide  sweeps  westwardly  on  Long 
Beach,  turns  abrubtly  around  the  point  of  the  sand  spit  (marked  E)  and 
flows  up  the  Gut,  fliling  all  the  extensive  creeks  and  inlets  leading 
from  the  Gut  channel. 

From  about  half  flood  until  extreme  high  tide  the  water  flows  into 
the  Gut  over  the  sand  spit,  and  close  around  the  western  extremity 
of  Long  Beach,  (marked  F.)  From  extreme  high  tide  until  aboat  hatf 
ebb  this  large  body  of  water  pours  back  through  the  Gut,  swe^ing 
around  over  the  sand  spit,  and  from  that  time  until  low  water  it  flows 
around  it  and  in  a  direction  more  towards  the  mouth  of  Bridgeport 
Harbor.  It  is  by  this  powerftd  current  that  the  approaches  to  Bridge 
port  Harbor  are  kept  open,  and  it  is  the  loss  of  this  current  fW>m  tiie 
closing  up  of  the  mouth  or  the  Gut  channel,  involving  the  destmctioD 
of  the  harbor,  which  is  feared. 

Oarefhl  inspection  of  the  north  shore  of  Long  Beach,  (marked  H,)  leads  * 
to  the  conviction  that  it  has  remained  from  year  to  year  essentially  un- 
changed.  There  is  no  doubt,  however,  that  the  north  shore  of  the  Gut 
channel,  (marked  H,)  opposite  Long  Beach,  is  continually  wearing  away, 
and  it  is  probable  that  some  portion  of  the  sand  is  left  upon  the  sand  ^*t 
I  think,  however,  that  the  growth  of  this  sand  spit  is  due  mainly  to  the 
following  cause : 

During  every  gale  from  the  southward,  the  Long  Beach,  from  Point- 
no-Point  (not  shown  on  the  sketch)  to  its  western  extremity  is  exposed 
to  the  unchecked  action  of  the  waves,  which  dash  in  upon  it  with  such 
terrible  effect  that  at  one  time  within  the  past  ftw  years  the  sea  broke 
entirely  through  near  Point-no-Point  and  flowed  freely  into  the  Out 
chimnel.    Within  a  comparatively  short  period  afterwards  the  suooeed- 
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ing  storms  had  earned  in  sand  and  filled  up  this  break  in  the  beach, 
bat  the  spot  where  it  ocoiured  is  stOl  plainly  marked.  To  the  eastward 
of  Point-no-Point  the  charaoter  of  the  beaeh  is  mkoh  that  there  can 
be  no  serious  abrasion. 

The  sand  which  is  washed  away  by  these  storms  is  carried  saeces- 
aively  by  the  heavy  rollers,  as  well  as  by  the  ordinary  actionof  the  flood  tide, 
which  sweeps  along  this  beach,  farther  and  farther  toward  the  wostem 
extremity  of  Long  Beaeh,  and  is  finally  deposited  npon  the  sand  spit. 

I  send  herewith  a  sketdi  of  this  sand  spit,  (drawn  to  a  scale  of  -pAn^,) 
which  exhibits  the  low-water  mark  of  1866,  (in  black  ink,)  and  that  of 
1868,  (in  red  iidk,)  whi^h  may  aid  in  forming  an  opinion  as  to  the  nature 
and  progress  of  the  change  now  going  on. 

Therrfore  I  believe  that  the  object  in  view,  viz.,  to  goard  against  the 
fotnre  injury,  and  perhaps  destroction,  of  the  present  harbor  of  Bridge- 
port will  be  accomplished,  simply  by  preventing  any  farther  growth  of 
this  sand  spit.  This,  I  think,  will  be  cheaply  and  effeetaally  done  by  a 
few  piera  or  jetties  of  loose  stcme  or  strong  rows  of  pUing^  at  suitable 
points,  (to  be  hereafter  selected,)  between  Poiat-no-Pomt  and  the 
western  end  of  Long  Beach*  I  think  six  of  these  wUl  be  amply  suffi- 
cient, and  they  sho^d  extend  firom  a  little  above  high^water  mark  to 
extreme  low-water  mark. 

The  north  shore  of  the  Out  ^annel  can  be  easUy  secured  firom  farther 
change  by  a  low  wall  of  loose  stone,  plaeed  somewhat  below  high-water 
mark,  at  the  most  exposed  points,  or  by  enrockments  at  those  points. 

I  also  forward  herewith  a  sketch  of  tihie  Gut  channel,  with  the  various 
creeks  or  inlets  spoken  of,  and  give  below  an  approximate  estimate  of 
the  length,  depth  and  width  of  each,  with  a  view  to  show  as  nearly  as 
possible  the  amount  of  water  stored  up  by  each  flood  tide  to  be  used 
during  the  ebb  in  scouring  the  i^proaehes  to  the  harbor. 

The  difference  between  high  and  low  water  mark  is  about  six  feet. 

A.  MiU  Or«e%.^— About  ono-fourth  of  a  mile  wide  at  high  water; 
average  depth  seven  fi»et ;  about  one-half  of  a  mile  in  length. 

B.  ^agle  Nest  Creek. — ^About  one-half  of  a  nule  in  width;  average 
depth  seven  feet;  about  one  and  one-fourth  miles  in  length. 

0.  Frenton  Greek. — ^Abont  three  hundred  feet  wide  at  high  Water; 
average  depth  about  seven  and  one-half  feet ;  navigable  for  vessels  of 
sixty  tonsj  length  about  two  miles. 

D.  This'  creek  is  about  one  hundred  feet  in  width  at  the  mouth, 
narrowing  gradually  to  its  inland  extremity :  average  depth  about  six 
feet;  length  about  one-half  of  a  mile,  with  tributary  creeks. 

£.  About  one  hundred  ftet  in  width  at  its  moi 
average  depth  about  seven  feet ;  length  about  one  mile^ 

F.  Fresh  Pond  Greek* — ^Filling  at  high  tide  a  wide  field  of  water,  rather 
difficult  to  estimate.  Its  lengldh  la  about  one^  ajtid  a  half  mile,  and  ita 
average  depth  is  about  six  feet. 

The  eastoni  outlet  of  the  Gut  channel  then  runs  through  liTeck 
Bridge  to  Stcatfbsd,  but  a  very  small  portion  of  this  water  escapes  in 
this  direction.  It  will  be  perceived  by  taking  the  differeEoee  betnveen 
high  and  low-water  mark  that  nearly  aU  of  this  water  is  poured  out 
through  the  Out  channel,  ui  the  direction  of  Bridgeport  Harbor,  during 
the  ebbing  of  the  tide. 

Very  respectftdly,  your  obedient  servant, 

A.  H.  HOLGhATB, 

Ooftaim  Bngimeitek 

Bvt  CJol.  D.  0.  HotJSTON, 

Oorf^  ef  BngiiMers  U*  8.  A, 
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OUSTOM-HOUSE,  BSEDaBPOBT, 

DUtrict  o/FiUrfiddy  ITavewtber  19, 186& 

Sm :  Tour  £»vor  of  the  14th  was  duly  reeeived,  and  in  answer  to  the 
first  question  I  reply: 

Qaestion  1.  What  is  the  number  of  the  custom  district  to  whidi 
Bridgeport  belongs  f — I  am  unable  to  reply  precisely.  I  find  intiie  finaoee 
report  of  1866,  published  by  the  Secretary  of  the  Treasury,  it  stands  Xa 
33,  it  is  known,  however,  as  the  district  of  Fairfield,  of  which  Bridgeport 
is  the  port  of  entry  for  the  district,  but  whether  the  above  number  is  the 
correct  one  I  cannot  telL 

Question  2.  What  is  the  nearest  port  of  entry) — ^The  nearest  to  tins 
is  New  Haven. 

Question  3.  What  is  the  amount  of  commerce  and  navigation  to  be 
benefited  by  any  improvement  of  the  harbor  f — ^The  number  of  vessels 
arrived  in  this  port  of  Bridgeport  during  the  fiscal  year  ending  Jnne  301, 
1868,  from  foreign  countries  was  sevens-one;  their  tonnage  amounted 
to  9,242  tons  ^  the  number  of  vessels  cleared  for  foreign  countries  dnrinf 
the  same  period  was  sixty-seven ;  their  tonnage  amounted  to  8,7d3  tcMis; 
the  value  of  merchandise  imported  in  the  above  vessels  froui  foreigi 
countries  amounted  to  $100,000. 

The  number  of  vessels  arriving  and  departing,  as  near  as  I  cafl 
ascertain,  engaged  in  the  coasting  trade  or  coastwise,  during  the  same 
period,  is  about  2,000;  their  tonnage  about  140,000  tons. 

The  value  of  the  merchandise  coming  in  and  going  out  of  the  harbor, 
by  this  class  of  vessels,  is  from  $180,000,000  to  $200,000,000,  when  yon 
take  into  consideration  that  Bridgeport  is  the  terminus  of  two  importent 
railroads,  the  Housatonic  and  also  the  Kaugatuck,  the  great  mannfiie- 
turing  valley.  This  railroad  pays  a  dividend  semi-annually  of  five  per 
cent,  on  the  stock,  leaving  a  large  surplus. 

The  value  of  steamboats  engaged  in  the  commerce  of  this  place  i8 
about  $300,000;  the  value  of  sail  vessels  engaged  in  this  coastifise  may 
be  estimated  at  about  $6,000,000 ;  these  vessels  of  course  are  not  all  owned 
here,  nor  in  this  district. 

For  the  fiscal  year  ending  June  30, 1868,  the  amount  of 

duties  collects  from  imports $34,  515  19 

Amount  of  tonnage  tax  collected. 3,  430  47 

Total  amount  paid  into  the  treasury  of  the  United  States.       37,  945  66 


In  making  up  the  above  statistics  I  have  endeavored  not  to  overstate, 
but  rather  come  below  the  actual  valuations,  number  and  valuations  ci 
vessels.    If  there  is  any  other  information  you  may  require,  it  will  be  a 
pleasure  for  me  to  render  you  any  assistance  in  my  power. 
Very  respectfully,  yours, 

JOHN  BROOKS, 
CoUeetar  of  Cfustamg. 
D.  0.  Houston, 

OoL  U.  /8.  A.  Engineers. 

Note. — It  is  probable  that  the  value  of  merchandise  estimated  by 
Captain  Brooks  at  Irom  <<$  180^000,000  to  $200,000,000"  should  be  stated 
at  from  $18^000,000  to  $20,000,000,  which  would  correspond  more  nearly 
to  the  means  of  transportation  stated. 

D.  0.  HOUSTON, 
Maj.  En§^  BvU  CoL 
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Appendix  S. 

Boston,  Mass.,  September  8, 1869. 

General:  I  have  the  honor  to  make  the  following  report  of  progress 
made  in  the  works  of  river  and  harbor  improvements  under  my  charge, 
during  the  fiscal  year  ending  the  30th  of  June,  1869,  and  of  the  probable 
progress  during  the  present  working  season. 

IMPBOVING  HABBOB  AT  BOSTON. 

The  dredging  at  the  southwest  point  of  LovelVs  Island  has  been  stead- 
ily carried  on  by  the  contractor,  Mr.  A.  Boschke,  with  only  a  short 
interruption  during  the  winter  months.  During  the  fiscal  year  ending 
the  30th  of  June,  1809,  66,909.54  cubic  yards  of  material  have  been 
removed  ]  the  channel  has  been  widened  thereby  to  about  600  feet  at 
the  sixteen-feet  curve,  and  an  average  depth  has  been  produced,  over 
tiie  dredged  area,  of  16^  feet  at  mean  low  water.  A  new  and  powerful 
machine  is  now  at  work  to  level  the  ridges  on  the  dredged  area  and  to 
carry  the  excavation  to  the  full  depth  of  23  feet  at  mean  low  water,  as 
required  by  contract  and  the  interests  of  navigatiQU.  At  the  close  of 
the  season  it  is  expected  that  the  width  of  the  main  ship  channel  at 
this  point  will  be  increased  to  600  feet,  with  a  least  depth  of  23  feet  at 
mean  low  water,  thus  giving  235  feet  more  chamiel-way  than  previous 
to  the  commencement  of  hedging  operations.  The  total  of  dredged 
material  removed  so  far,  (Juue  30, 1809,)  amounts  to  169,808.54  cubic 
yards,  leaving  yet  a  balance  of  217,801.46  cubic  yards,  according  to  the 
original  estimate,  to  be  removed.  A  portion  of  this,  say  about  70,000 
cubic  yards,  will  probably  be  removed  during  the  present  working  season, 
which  will  consume  the  balance  of  the  amouut  allotted  to  this  work. 

At  the  Upper  Middle  Bar  the  contractor  made  several  attempts  to 
carry  out  his  agreement  for  the  removal  of  30,000  cubic  yards  from  this 
bar,  with  a  new  and  powerful  machine  expressly  built  for  the  purpose. 
K  not  entirely  successful,  he  at  least  practically  proved  that  with  this 
machine  he  was  able  to  excavate  the  material  of  the  bar,  (hard  pan,)  to 
the  desired  depth.  About  450  cubic  yards  of  material  have  actually 
been  removed;  the  work  is  temporarily  suspended,  and  the  amount  here- 
tofore allotted  for  this  work  has  been  transferred  to  the  works  at  Lovell's 
Island. 

Ko  further  steps  have  been  taken  to  prosecute  the  work  during  the 
present  working  season,  as  it  was  deemed  preferable  to  use  the  available 
funds  at  the  works  at  Lovell's  Island. 

Blasting  and  removing  Corwin  Book. — This  rock,  reported  last  year  as 
being  blasted  down  to  an  average  depth  of  21^  feet  at  mean  low  water, 
has  been  entirely  removed,  as  also  an  acUoining  ridge  of  rock  to  the 
depth  of  23  feet  at  mean  low  water.  There  have  been  altogether  1.356 
tons  of  rock  blasted,  1,192  tons  of  which  were  hoisted  and  deposited  on 
shore,  and  164  tons  in  small  fragments  were  left  in  deep  water  along 
side  of  the  rock.  Total  number  of  cubic  yards  of  rock  blasted  and 
removed  608f . 

By  the  removal  of  Oorwin  and  Lower  Bocks,  the  main  ship  channel, 
formerly  between  these  rocks  about  250  feet  in  width,  has  been  widenea 
to  over  600  feet. 

Blasting  and  removing  Barrel  Bock, — ^A  careftd  survey  of  this  rock  has 
been  made,  and  an  agreement  entered  into  for  its  removal,  with  Mr, 
George  W.  Townsend,  the  same  contractor  who  successfully  removed 
Lower  and  Oorwin  Bocks.    The  moorings  for  the  vessel  from  which  the 
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blasting  operations  will  be  conducted  have  been  established,  and  other- 
wise all  the  necessary  preparations  made  for  immediately  commencing 
work.  This  rock  it  is  expected  will  be  entirely  removed  by  the  1st  of 
September,  when  all  further  operations  in  this  line  wiU  be  suspended, 
unless  the  Chief  of  Engineers  consents  to  the  removal  of  Kelly's  Rock, 
situated  in  the  main  ship  channel  near  the  Narrows.  This  rock,  in  my 
opinion,  should  be  removed  at  once,  as  its  situation  is  a  source  of  great 
danger  to  the  navigation  of  the  channel. 

Seawall  at  Point  Allerton, — Except  making  some  preliminary  surveys 
and  investigations  having  reference  mainly  to  the  location  of  a  wharf, 
nothing  could  be  done,  as  the  question  of  the  titlfe  to  the  land  to  be 
occupied  by  the  proposed  sea-wall  is  not  yet  fully  settled. 

As  soon  as  the  title  to  the  land  for  the  position  of  the  wall  (forwarded 
in  January  last)  has  received  the  approval  of  the  Attorney  General 
of  the  United  States,  proposals  will  be  invited  for  the  construction  of 
the  same.  If  this  approval  can  be  obtained  during  this  fall,  contractors 
may  prepare  the  stock  during  the  winter,  and  the  work  be  pushed  with 
vigor  early  in  the  spring. 

SeorwaUfor  the  preservation  of  Oallup^s  Island, — The  necessary  prepar- 
ations having  been  previously  made,  its  construction  was  taken  in  hand 
by  the  contractor,  Mr.  James  Andrews,  in  July  of  1868,  and  steadily  con- 
tinued, except  during  the  winter  months.  A  deviation  from  the  general 
plan  had  to  be  made,  for  a  distance  of  several  hundred  feet,  by  lowering 
the  foundation  two  feet,  and  adding  another  course  of  stone  to  more 
effectively  guard  against  the  under  wash  by  eddy  waves. 

The  extent  of  the  wall  built  during  the  fiscal  year  ending  June  30, 
1869,  is  as  follows : 

Of  foundation,  lineal  feet 658 

Of  wall  proper,  (stone  courses,)  an  average  of  lineal  feet 456 

Amount  of  excavation  for  above  wall,  cubic  yards 1, 369 

Amount  of  filling,  (back  of  wall,)  cubic  yards 329 

Concrete  masonry,  cubic  yards 1, 817 

Granite  masonry,  cubic  yards 558 

It  is  proposed  to  continue  in  force  the  contract  with  the  j)resent  con- 
tractor during  this  working  season,  and  to  push  the  work  with  vigor  so 
as  to  complete  about  1,100  feet  of  wall  by  the  end  of  the  season. 

Sea-wall  for  tJie  north  head  of  Long  Island, — This  work  has  not  yet  been 
commenced. 

The  county  court,  upon  an  act  passed  by  the  legislature  of  the  Com- 
monwealth of  Massachusetts,  has  determined  upon  the  amount  to  be  paid 
to  the  owners  of  the  land  required  for  the  site  of  this  work,  and  for  the 
military  defenses  to  be  erected  on  Long  Island;  and  the  title  maybe 
vested  in  the  United  States  upon  deposit  of  the  sum  in  the  hands  of  the 
judge  of  the  court. 

The  papers  relating  to  the  case  were  forwarded,  some  time  since,  to 
Washington;  should  the  title  be  approved  and  the  money  deposited  in 
court  during  the  season,  proposals  will  be  invited  at  once  and  all  neces- 
sary preparations  made  for  commencing  operations  early  the  ensuing 
spring. 

Amount  on  hand  and  in  treasury  July  1, 1868 $211, 234  40 

Amount  expended  during  the  fiscal  year  ending  June  30,  1869,  on 
the  works  for  the  preservation  and  improvement  of  Boston  Harbor: 

For  dredging  southwest  point  of  Lovell's  Island $40, 929  07 

For  dredging  Upper  Middle  Bar 610  47 
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Forremoval of  Corwin Eock $17, 965  58 

For  sea-wall  on  Gallup's  Island 41, 358  76 

For  sea-wall  at  Point  Allerton 543  30 

For  contingencies,  office  expenses,  expenses  of  steam-tug, 

&c 14, 420  10 

Total  amount  expended 115, 827  28 

Amount  allotted  to  this  harbor  daring  the  year $116, 000  00 

Balance  remaining  on  hand,  in  treasury  and  sub-treasury, 
July  1,  1869 211,407  12 

Probable  amount  to  be  expended  during  the  year  ending  December 
31, 1869: 

At  LovelPs  Island $40, 000  00 

At  Gallup's  Island 40, 000  00 

For  removal  of  rocks 10, 000  00 

For  contingencies - 8, 000  00 

98,000  00 


Balance  probably  on  hand  December  31, 1869,  $113,407  12,  which  will 
probably  be  expended  before  July  1, 1870,  as  follows: 

For  sea-wall  at  Point  Allerton $45, 000  00 

For  sea-wall  at  Long  Island 60, 000  00 

For  contingencies . .        8, 000  00 

113, 000  00 


Amount  required  to  be  appropriated  for  the  fiscal  year  ending  June  30, 
1871,  a  portion  of  which  should  be  made  available  for  the  Hscal  year 
ending  June  30, 1870: 

For  dredging  at  Lovell's  Island,  (to  complete  the  work). .  $75, 000  00 

For  sea-wall  at  Gallup's  Island,  (to  complete  the  work). . .  60, 000  00 

For  dredging  at  Upper  Middle  Bar 100, 000  00 

For  sea-wall  at  Point  Allerton,  (to  complete  the  work) 40, 000  00 

For  sea-wall  at  Long  Island 40, 000  00 

For  contingencies 15, 000  00 

Total  for  improving  harbor  at  Boston 330, 000  00 


Amount  required  for  the  entire  and  permanent  completion  of  the  works 
in  this  harbor,  in  addition  to  the  amount  expended,  on  hand,  and  esti> 
mated  for  above: 

For  the  Upper  Middle  Bar,  if  the  improvement  is  to  be  car- 
ried to  the  extent  estimated  for  by  the  board  of  harbor 

commissioners $100, 000  00 

For  sea-wall  on  Long  Island 80, 000  00 

For  contingencies 20, 000  00 

200,000  00 
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PRESEEVATION  OF  PROVINCETOWN  HARBOR. 

This  work  was  under  charge  of  Lieutenant  Colonel  J.  G,  Foster,  Brevet 
Major  General  United  States  Army,  during  the  whole  fiscal  year. 

The  bulkhead  and  jetties  of  brush,  referred  to  in  my  last  annual 
report,  have  been  completed  during  the  fiscal  year  ending  June  30, 1869. 
The  contract  for  this  work  was  awarded  to  Mr.  Isaiah  Giflford;  the 
lowest  bidder,  Mr.  Thompson,  having  declined  to  give  the  required  bond 
for  the  faithful  performance  of  the  contract. 

The  work  was  pushed  to  a  successful  completion  by  the  contractor, 
and  the  results  have  been  very  favorable;  several  of  the  jetties  and  a 
part  of  the  bulkhead  gathered  sufficient  sand  to  completely  hide  them 
from  view.  This  cons&nction  has  realized  my  expectations,  as  the  sand 
commenced  to  gather  at  once  in  the  jetties  farthest  to  the  eastward,  and 
is  steadily  accumulating  towards  the  westward,  and  will,  in  a  very  short 
time,  present  a  firm  obstruction  to  the  encroachments  of  the  ocean  upon 
Beach  Point. 

As  many  of  the  inhabitants  of  Cape  Cod  expressed  a  fear,  as  intimated 
in  my  last  annual  report,  that  the  encroachments  of  the  sea  upon  the 
outer  or  sea-beach  would  result,  during  some  great  storm,  in  the  forma- 
tion of  a  breach  through  the  sand  ridge  into  East  Harbor,  it  was  deter- 
mined, with  the  consent  of  the  Chief  of  Engineers,  to  build  a  dike  across 
the  salt  meadows  and  East  Harbor  Creek,  at  the  narrowest  part,  oppo- 
site High  Head,  to  arrest  the  flow  of  waters,  should  this  event  happen. 

The  contract  for  this  work  was  awarded  to  Mr.  Gideon  Currier,  the 
lowest  bidder,  and  the  work  was  completed  in  May,  at  an  expense  to  the 
United  States  of  $8,657  05. 

The  work  has  been  well  constructed,  and  will  present  a  firm  resistance 
to  the  flow  of  the  waves  should  the  Atlantic  Ocean,  at  any  time,  eflfect 
a  breach  through  the  outer  beach. 

Observations  for  determining  the  tides  and  currents,  and  the  nature 
and  extent  of  the  changes  in  Provincetown  Harbor,  were  carried  on,  by 
direction  of  the  Chief  of  Engineers,  under  the  immediate  supervision  (rf 
Captain  Geo.  Burroughs,  Brevet  Major  United  States  Army,  whose  report, 
with  the  accompanying  maps,  was  forwarded  to  the  Chief  of  Engineers 
April  16, 1869. 

In  order  to  repair  and  strengthen  the  plank  bulkhead  built  by  General 
Benham  at  Beach  Point,  advertisements  were  published  on  the  15th  of 
June,  1869,  inviting  proposals  for  repairs  to  the  same,  and  for  the  con- 
struction of  brush  jetties  in  j6x)nt  of  it,  for  the  purpose  of  strengtheniDg 
it.  These  jetties  are  to  be  of  the  same  nature  as  those  constructed 
during  the  past  fiscal  year  by  Mr.  Gifford,  to  the  westward  of  the  plank 
bulkhead,  and  which  have  answered  the  desired  purpose  so  admirably. 

Contracts  will  be  made,  and  during  the  present  working  season  these 
jetties  and  the  repairs  to  the  bulkhead  will  be  completed. 

Amount  on  hand  and  in  treasury  July  1, 1868 $36, 751  26 

Amount  expended  during  the  fiscal  year  ending  June  30, 

1869 30, 126  87 

Amount  allotted  to  this  harbor  during  the  year 8, 000  00 

Amount  on  hand,  in  treasury  and  sub-treasury,  July  1, 

1869 14,524  39 

Amount  that  will  probably  be  expended  during  the  fiscal 

year  ending  June  30, 1870 14, 624  39 

Amount  required  to  be  ^propriated  for  the  fiscal  year 

ending  June  30, 1871 25, 000  00 
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It  is  difficult  to  determine  the^mount  that  will  be  required  for  the 
X>ennauent  completioD  of  the  worl^  in  this  harbor,  as  the  constructions 
are  light,  and  the  harbor  is  so  exposed  to  violent  gales  and  the  heavy 
waves  of  the  Atlantic  that  damage  of  a  more  or  less  serious  nature  may 
at  any  time  be  caused,  which  will  require  immediate  repairs. 

MERRIHACK  RIVER. 

Two  surveys  were  made  of  this  river  in  accordance  with  instructions 
received  from  the  Chief  of  Engineers;  the  first  survey  was  made  under 
the  immediate  supervision  of  Captain  G.  L.  Gillespie,  brevet  lieutenant 
colonel  United  States  Army,  and  comprised  the  obstructions  from  the 
mouth  of  the  river  to  Newburyport  The  second  survey  comprised  the 
obstructions  between  Haverhill  and  liawrence,  at  the  rapids  near  Brad- 
ley's farm.  On  this  occasion  I  visited  the  principal  points  of  obstruction 
myself.  Detailed  reports  of  these  surveys  were  forwarded  at  the  time 
of  their  completion. 

As  no  appropriation  is  available  for  the  removal  of  these  obstructions, 
no  work  will  be  done  during  the  present  working  season. 

The  amount  required  for  the  entire  and  permanent  removal  of  these 
obstructions,  as  estimated  for  in  the  above  mentioned  report,  is  as  fol- 
lows: 

For  removal  of  obstructions  at  Upper  and  Lower  Falls $50, 500  00 

For  removal  of  Gangway  Bock 2, 250  00 

For  removal  of  wreck  of  cobI  vessels  sunk  near  the  mouth 

of  the  ri  ver 6, 000  00 

For  removal  of  the  boilers  near  the  city  wharves  at  Newbury- 

port 5, 000  00 

For  contingencies,  10  per  cent 6, 275  00 

Amount  required  to  be  appropriated 69, 025  00 


I  have  the  honor  to  be,  general,  very  respectfully,  your  obedient 
servant, 

J.  G.  FOSTER, 
Bvt  Maj.  Oen.  U.  8.  A.,  Lieut  Col.  of  Engineers. 

Bvt  Ma^j.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  Headquarters  Corps  ofEngineerSj 

Washingtany  D.  C. 


SI. 

WASHiNaTON,  D.  0.,  March  6, 1869. 

General  :  I  have  the  honor  to  submit  my  final  report  of  the  operation 
of  blasting  and  removing  Tower  and  Corwin  Bocks  in  the  narrows  of  the 
harbor  of  Boston,  with  seven  sheets  of  drawings,  illustrative  of  the  details 
of  the  operation. 

I  do  this  with  the  hope  that  it  may  be  published  as  one  of  the  papers 
of  the  corps,  provided  it  meets  your  wishes  and  receives  the  approval 
of  the  Secretary  of  war. 

Very  respectfully,  vour  obedient  servant, 

J.  G.  FOSTER, 
Bvt.  Maj.  Oen,  U.  8.  A.,  lAeut.  Col.  Engineers^ 

Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  U.  8.  A.,  Washington^  D.  C. 
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Bemoval  of  Tower  and  Cortcin  Bocks  in  the  narrows  of  the  entrance  to  Bos- 
ton Harbor  J  Ma^sa/ahusetts^  by  drilling  and  blasting. 

These  rocks  were  situated  (sheet  1)  in  the  main  ship  channel  between 
the  Great  Brewster  Spit  light  and  Fort  Warren,  nearly  in  a  soathwest 
direction  from  the  light,  the  first  being  distant  from  it  one  hundred 
yards,  and  the  latter  two  hundred  yards. 

The  sailing  course  laid  down  on  the  charts  passed  directly  between 
these  rocks,  and  vessels  had,  therefore,  only  150  feet  space  on  each  side 
in  which  to  avoid  collision  with  them,  which  rendered  the  navigation 
quite  dangerous  from  heavy  vessels. 

This  danger  was  increased  by  the  risk  of  mistaking,  in  thick  weather, 
the  large  navy  yard  chimney  for  the  Bunker  Hill  monument,  upon 
which  the  true  course  passing  through  Nix's  Mate  was  directed.  The 
course  through  Nix's  Mate  and  the  navy  yard  chimney  led  directly  over 
Oorwin  Rock.  Being  nearly  in  the  same  direction,  one  course  might 
very  readily  be  mistaken  for  the  other  in  thick  weather  at  the  distance 
of  these  rocks. 

The  depth  \\\Hm  Tower  Bock  at  mean  low  water  was  eighteen  and 
a  half  feet. 

It  was  fiffcy  feet  in  length  and  twenty-six  feet  in  breadth,  and  con- 
tained above  the  level  of  twenty-three  feet  below  mean  low  water  sixty- 
three  cubic  yards.  Corwin  Bock  had  onlysixteen  feet  of  water  upon  it 
at  mean  low  water,  was  one  hundred  and  ten  feet  in  length  by  eighty 
feet  in  breadth,  and  contained  above  the  twenty-three  feet  level  six 
hundred  cubic  yards. 

The  two  rocks  were  ridges  of  the  same  general  ledge  which  extends 
beneath  the  channel,  running  in  a  northwest  and  southwest  direction. 

An  examiuation  of  Corwin  Bock  by  divers  disclosed  the  ragged  and 
ridged  character  of  its  surface,  and  the  presence  of  a  considerable  quan- 
tity of  sheet  lead  and  copper  in  its  crevices;  also  bolts,  chains,  pieces 
of  planks  from  vessel's  bottoms,  pieces  of  a  keel,  an  anchor,  &c.  The 
sheet  lead  was  of  a  very  old  manufacture,  and  both  it  and  the  copper 
retained  the  crumpled  form  given  them  by  the  sharp  edges  of  the  rock 
when  they  were  stripi)ed  off.  Everything  indicated  that  a  great  number 
of  vessels  must  have  struck  upon  this  rock  in  times  past,  of  which  num- 
ber the  old  frigate  Constitution  was  one.  The  last  one  known  to  have 
struck  it  was  the  China,  of  the  Cunard  line. 

OHABAOTEB  OF  THE  BOOK. 

The  rock  was  an  argillaceous  slate,  of  hard  compact  texture  and  irreg- 
ular strattiication,  some  portions  being  much  twisted  and  bent,  forming 
every  variety  of  conchoidal  surface.    (Fig.  10,  sheet  4.) 

The  weight  of  a  cubic  foot  of  the  rock  varied  from  165  to  180  pounds, 
giving  a  mean  of  165  i)Ounds,  the  same  as  granite. 

The  rock  operated  very  disadvantageously  in  blasting.  It  did  not 
"seam"  well.  The  rifts  rarely  extended  beyond  the  immediate  effect  of 
the  charge.  The  craters  and  size  of  the  fragments  thrown  out  wexe 
smnll;  and  generally  the  effect  of  blasts  was  much  less  than  in  granite. 

The  presence  in  the  rock  of  crystals  of  sulphuret  of  iron,  or  iron  pyrites, 
retarded  much  the  operation  of  drilling,  as  they  were  so  hard  as  to 
broak  or  cut  a  piece  out  of  the  cutting  edge  of  the  drill  whenever  it 
struck  them. 

The  circumstances,  therefore,  were  regarded  as  less  favorable  for 
blasting  and  removing  than  in  the  majority  of  cases  of  submarine 
rocks. 
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ESTIMATED  COST  AND  CONTRACT. 

The  cost  of  removal  of  these  rocks  to  the  depth  of  twenty-three  feet 
at  mean  low  water,  as  estimated  by  the  board  of  harbor  commissioners 
of  the  State  of  Massachusetts,  was  $20,000,  and  this  amount  was 
assigned  to  this  particular  work  by  the  Engineer  Department  from  the 
general  appropriation,  approved  March  2,  1867,  for  improvement  of 
Boston  Harbor. 

Proposals  were  advertised  for,  in  June,  1807,  but  no  one  could  be 
found  to  undertake  the  work  by  contract  for  the  sum  available,  the 
only  bid  received  being  for  $44,000.  It  was,  therefore,  decided  to  ex- 
ecute it  by  days'  work.  A  contract  was  accordingly  made  with  Mr. 
George  W.  Townsend,  submarine  diver,  of  Boston,  by  which,  for  the 
sum  of  $90  per  working  day,  he  was  to  furnish  a  working  vessel  of  sev- 
enty tons,  fitted  for  the  purpose  with  steam  engine,  boiler,  boom  derrick, 
and  capstan  to  work  by  steam;  the  services  of  a  captain  and  crew 
of  six  men,  two  submarine  divers,  with  their  armor,  air  pump  and  hose 
complete,  a  patent  submarine  drilling  machine,  mooring  lines,  buoys 
and  materials  of  every  description,  including  powder,  cartridges,  and 
fuses. 

This  contract  was  amended  in  October,  1867,  by  increasing  the  amount 
to  be  paid  per  diem  to  $100  for  every  day's  work  of  nine  hours  during 
the  winter  season,  in  addition  to  which,  powder,  cartridges,  and  fiises 
were  supplied  by  the  government.  In  March,  1868,  the  amount  per  diem 
was  again  reduced  to  $85  per  working  day,  at  w^hich  price  the  work 
was  prosecuted  to  completion,  the  contractor  furnishing  all  the  labor 
and  materials  required,  with  the  exception  of' powder,  cartridges,  and 
fuses,  which,  being  variable  quantities,  were  paid  for  separately. 

The  amount  available  becoming  exhausted,  further  sums,  amounting 
to  $16,432  32  in  all,  were  assigned  to  the  work  by  the  Chief  Engineer, 
making  the  total  amount  assigned  $36,423  32. 

COMAIENCEiyiENT  OF  THE  WORK — TOWER  BOCK. 

Tower  Rock,  being  the  smaller  of  the  two,  was  selected  as  the  one  to 
be  first  removed,  its  horizontal  dimensions  being  only  50  by  26  feet ;  it 
was  estimated  that  one  large  central  charge,  surrounded  by  five  or  six 
others,  all  in  large  and  deep  drill  holes,  would  be  able  to  rend  the 
rock  into  pieces. 

The  working  vessel,  the  sloop  Hamilton,  of  seventy  tons,  was  moored 
over  this  rock  on  the  30th  of  July,  1867,  and  the  new  submarine  drilling 
machine,  invented  by  Mr.  George  W.  Townsend,  the  contractor,  expressly 
for  this  work,  was  placed  in  position  and  tried.  Several  imperfections 
were  found  at  the  first  trial,  which  prevented  its  efficient  working. 
While  these  were  being  remedied  n  trial  was  made  of  surface  blasts, 
placed  in  and  around  the  rock  in  the  positions  most  favorable  for  their 
action.  These  proved  to  be  entirely  without  effect;  no  seams  or  breaks 
were  made  by  them  in  the  smooth  surface  of  the  rock. 

The  submarine  drilling  machine  being  soon  perfected,  was  put  in 
operation,  and  successfully  worked. 

The  central  and  surrounding  holes  were  drilled  to  depths  varying  from 
two  to  six  feet,  each  hole  being  three  and  a  half  inches  in  diameter. 

These  were  well  charged  with  blasting  powder,  tamped  with  sand, 
and  fired.  In  some  holes  the  charges  produced  no  visible  effect,  the 
tamping  being  blown  out  like  the  charge  from  a  cannon.  In  others  a 
crater  was  formed,  but  with  a  radius  only  about  one-half  the  line  of 
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least  resistance.  The  holes  that  were  intact  were  then  deepened,  and 
new  ones  drilled.  These  were  charged  with  Dupont's  sporting  powder. 
The  result  was  much  better,  but  not  what  was  desired.  The  presence 
of  the  body  of  water,  from  twenty-three  to  thirty-three  feet  in  depth, 
seemed  to  diminish  largely  the  ordinary  explosive  effect  of  gnnpowder 
upon  rock,  as  seen  in  blasts  in  the  open  air. 

Trial  waB  then  made  of  the  patent  safety  blasting  powder,  manufac- 
tured by  the  Oriental  Powder  Company  of  Boston,  the  proportions  hav- 
ing been  so  modified  as  to  increase  it«  strength  for  our  special  use. 
This  produced  the  desired  effect.  The  rock  was  rent  in  pieces;  and  by 
drilling  additional  holes  and  continuing  the  use  of  large  charges  of  this 
powder,  the  rock  was  finally  reduced  to  the  required  depth. 

To  smooth  off  its  upper  surface,  and  break  down  the  sharp  projecting 
points,  large  surface  charges  of  sporting  powder  were  employ^.  These 
accomplished  the  result  to  a  limited  extent,  but  not  completely.  A 
large  fifkeen-inch  shell  was  then  placed  in  a  crevice  near  the  centre  of 
the  rock  and  fired.  Its  explosion  swept  the  rock  completely,  breaking 
down  and  levelling  the  projecting  points. 

The  work  upon  this  rock  was  finished  on  the  29th  of  September,  1867, 
eight  weeks  after  its  commencement.  In  that  time  eighty  tons  of  stone 
h£ul  been  blasted  out,  hoisted  up,  and  deposited  on  shore,  attaining  the  re- 
quired depth  of  twenty -three  feet  at  mean  low  water.  About  seventy  tons 
of  small  fragments  were  suffered  to  remain  on  the  bottom  around  the  rock 
where  they  had  been  thrown  by  the  blasts,  and  where  they  could  do  no 
harm. 

The  cost  per  ton  of  the  quantity  hoisted  up  and  deposited  on  shore 
was  $64  93,  no  account  being  taken  of  the  equal  quantity  blown  in  small 
fragments  into  deep  water. 

PROGRESS  OF  THE  WORK — CORWIN  ROCK. 

Tower  Bock  being  entirely  removed  to  the  required  depth,  the  moor 
ings  of  the  working  vessel  were  at  once  removed  to  Corwin  Bock,  and 
work  commenced  upon  it  on  the  Ist  of  October,  1867. 

This  rock  was  found  to  be  much  more  difficult  to  blast,  on  account  of 
its  extremely  tortuous  lamination,  its  great  toughness,  and  the  pre.8enoe 
of  a  greater  number  of  iron-pyrites. 

Surface  blasts  were  also  tried  upon  this  rock  at  the  outset,  in  hopes 
that,  by  being  placed  in  the  most  favorable  positions  between  the  sharp 
ridges  of  the  rock,  they  might  break  them  down. 

These,  however,  as  upon  Tower  Bock,  entirely  failed  of  any  noticeable 
effect,  even  when  they  contained  four  and  five  hundred  pounds  of  the 
best  sporting  powder.  The  drilling  machine  was  therefore  called  into 
requisition,  as  before,  and  used  continuously  to  the  completion  of  the 
work. 

On  account  of  the  extent  of  this  rock  a  different  plan  of  operations  for 
its  removal  -was  adopted.  One  side  of  the  rock  most  favorable  for  blast- 
ing w^as  selected,  and  a  row  of  holes  drilled  parallel  to  the  edge  and  at 
a  distance  from  it  equal  to  the  depth  of  the  holes,  which  was  taken  to 
extend  one  foot  below  the  required  level — twenty -three  feet  at  mean  low 
water. 

After  blasting  out  these  holes  a  new  line  of  holes  was  drilled  parallel 
to  the  former  line  or  to  the  "face"  left  by  the  blasts,  and  these  also 
blasted  out.  Then  a  third  line ;  and  so  on,  progressing  regularly  across 
the  rock,  continually  blasting  it  off  in  parallel  blocks,  extending  down- 
ward a  little  below  the  depth  required. 

The  advantages  of  this  mode  of  operating  were,  that  it  enabled  the 
blasts  to  act  laterally,  in  which  direction  they  were  the  most  powerful  j  and 
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the  rock  was  left,  after  each  series  of  blasts,  with  a  nearly  vertical  side 
or  "face,"  in  which  the  presence  of  seams  could  be  more  readily  detected 
and  the  character  of  the  strata  observed,  so  that  the  most  favorable 
positions  for  the  next  blasts,  to  produce  the  greater  efi'ect,  could  be 
selected. 

Sometimes  the  craters  following  the  strata  ran  under  or  left  an  over- 
hanging "face,"  in  which  case  a  large  charge  placed  under  its  projecting 
edge,  (see  Fig.  10,  sheet  5,)  usually  had  the  effect  to  throw  off  the  over- 
hanging portion,  and  sometimes  to  dislodge  large  masses. 

After  the  rock  had  been  in  this  way  blasted  entirely  across  and  to  the 
general  depth  required,  a  carefid  survey  was  made ;  the  soundings  being 
taken  in  lines  from  ffve  to  ten  feet  apart  and  at  right  angles  to  each 
other,  and  the  lower  end  of  the  sounding  pole  being  placed  by  the  diver 
alteriiately  upon  the  highest  and  lowest  points. 

This  survey  showed  that  although  more  than  the  required  depth  had 
been  generally  attained,  yet  many  points  projected  above  this  level, 
distances  varying  from  two  to  fourteeu  inches.  To  remove  these,  large 
surface  charges  were  again  tried,  but  with  the  same  ineffective  result 
The  only  effect  was  to  pile  up  the  sand  and  small  fragments  of  stone  in 
irregular  winrows  upon  the  surface  of  the  rock.  Small  holes  had,  there- 
fore, to  be  drilled  at  each  of  these  points  to  blast  them  off.  This  occu- 
pied much  more  time  than  could  reasonably  have  been  expected.  So 
that  it  was  not  until  two  months'  labor  had  been  exi)ended  that  all  the 
poiuts  were  finally  reduced  to  the  required  level. 

It  is  now  apparent  that  it  would  have  been  an  economy  of  time  and 
money  if.  from  the  commencement,  the  drill-holes  had  been  sunk  to  a 
general  level  two  or  three  feet  below  the  required  level,  instead  of  one 
foot  below,  as  was  estimated  to  be  sufficient  at  starting.  More  stone 
would  have  been  taken  out,  it  is  true,  and  also  the  upper  surface  of  the 
rock  would  have  been  left  irregular  and  angular,  instead  of  comparatively 
smooth  as  now,  but  the  time  and  expense  would  have  been  less. 

The  work  on  Corwin  Bock  was  continued  during  the  few  days  of 
winter  of  1867-'8,  resumed,  fully  in  the  following  spring,  and  completed 
on  the  15th  day  of  December,  1868,  the  total  working  time  occupied  in 
its  removal  being  two  hundred  and  ninety  and  one-half  days. 

During  this-  time  1,192  tons  of  stone,  by  weight,  were  blasted  out, 
hoisted  up,  and  deposited  on  shore.  About  1^  tons  of  small  frag- 
ments were  left  on  the  bottom  around  the  rock,  where  they  could  do  no 
harm. 

The  total  cost  of  removal  was  $31,228  61 ;  making  an  average  cost  of 
$26  20  per  ton  of  2,000  pounds,  or  $58  36  per  cubic  yard  for  the  quan- 
tity actually  removed  and  deposited  on  shore.  Taking  600  cubic  yards, 
the  cubical  contents  above  the  23-feet  level,  calculated  before  the  work 
was  begun,  the  cost  per  cubic  yard  of  the  work,  as  estimated,  becomes 
$52  05.  The  difference  between  the  actual  and  estimated  cost  per  cubic 
yard  is  due  to  the  greater  quantity  actually  removed  to  obtain  the  re- 
quired level  at  all  points,  making  the  mean  actual  depth  nearly  one  foot 
below  that  level }  and  also  to  the  quantity  of  small  fragments  blown  into 
deep  water,  and  not  included  in  the  amount  of  stone  hoisted  up,  weighed, 
and  deposited  on  shore. 

DESCRIPTION  OF  THE  SUBMARINE  DRILLING  MACHINE  USED  AND  ITS 

MODE  OF  OPERATION. 

i 

This  machine  (sheet  3)  consists  generally  of  a  drill,  a  drill-stand  or 
guide,  a  clutch  or  bolster,  and  an  adjustable  connection  with  the  motive 
power  situated  on  the  deck  of  the  working  vessel. 
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The  drill  (sheet  4)  is  a  chum  drill,  about  16  feet  in  length,  one  and  a 
quarter  inch  in  diameter,  and  weighing  about  125  pouuds.  It  cuts  by 
the  force  due  its  weight,  which  may  be  made  greater  or  less  as  the  rock 
to  be  drilled  is  softer  or  harder. 

The  drill-head  (sheet  4)  or  cutter  is  about  14  inches  in  length,  and  is 
attached  to  the  lower  end  of  the  drill-shaft  by  a  socket  and  pin.  The 
cutHng  edge  is  made  similar  to  the  form  of  the  letter  S,  as  this  is  fonnd 
to  stand  better  and  work  truer  than  any  other  form.  They  may  be  made 
to  cut  any  sized  hole  from  two  to  six  inches. 

The  cutters  used  on  Tower  and  Corwin  Bocks  drilled  a  hole  three  and 
one-half  inches  in  diameter. 

The  drill-stand  (sheets  3  and  4)  consists  of  two  parallel  plates  connected 
by  uprights,  to  serve  as  guides  to  the  drill-shaft;  the  lower  plate  being 
supported  by  three  legs  made  adjustable  in  length  to  fit  the  uneven  sur- 
face of  rocks.  It  is  made  of  iron,  and  heavy  enough  to  resist  an  ordi- 
nary current.  The  one  in  use  on  Tower  and  Corwin  Rocks  weighed  850 
pounds,  and  maintained  its  stability  perfectly  against  a  four-knot  cur- 
rent. To  resist  stronger  currents  its  weight  must  be  increased,  and 
also  three  guys  attached  to  the  upper  plate  and  to  iron  pins  driven  into 
holes  drill^  in  the  rock  by  the  diver,  with  a  hand  drill,  may  be  used  if 
necessary. 

The  clutch  or  hoister  (sheet  4,  Fig.  9)  is  a  bar  of  iron,  with  an  obtiqne 
slot  through  it,  through  which  passes  the  drill-shaft. 

When  the  clutch  is  raised  the  sharp  beveled  edges  of  this  slot  grip  the 
drill  shaft  and  raise  it.  One  end  of  the  clutch  is  forked  to  run  upon  a 
spiral  guide,  so  as  to  turn  the  drill  as  it  is  raised.  The  other  end  is 
weighted  so  as  to  bring  the  clutch  rapidly  back  to  its  first  position,  after 
its  grip  upon  the  drill-shaft  has  become  disengaged  by  a  trip-pin  on  the 
spiral  guide,  against  which  the  fork  of  the  clutch  strikes  in  its  ascent 

The  spiral  guide,  which  regulates  the  turn  of  the  drill,  is  made  adjost- 
able  in  inclination,  so  that  greater  or  less  turn  may  be  given  for  any 
fixed  elevation  or  hoist.  The  trip-pin  is  also  made  adjustable  in  position 
upon  the  spiral  guide,  so  as  to  regulate  the  hoist  or  fall  of  the  drill  to 
suit  the  degree  of  hardness  of  the  rock.  It  is  usual  to  give  as  great  fali 
as  the  cutting  edge  of  the  drill  will  stand  without  breaking. 

Attached  to  the  clutch  is  a  chain,  which  passes  through  a  hole  in  the 
upx)er  plate,  and  is  attached  at  its  upper  end  to  a  ballasted  block,  (sheet 
No.  2.)  Through  this  block  a  line  is  rove,  one  end  of  which  is  attached 
to  the  crank-pin  of  a  steam-engine  situated  on  the  deck  of  the  working 
vessel,  and  the  other  end  to  a  cleat  upon  the  rail  of  the  vessel. 

TO  OPERATE  THE  DRILL. 

The  working  vessel  having  been  moored  over  the  rock  by  means  of 
moving  lines  attached  to  buoys  placed  about  one  hundred  and  fifty  ^ 
'from  each  quarter  of  the  vessel,  the  diver  arrayed  in  his  subraariDC 
armor  descends  and  selects  the  exact  position  for  the  blast,  and  then 
signals,  by  a  certain  number  of  pulls  ui>on  his  signal  line,  to  have  the 
drill  and  stand  lowered  to  him.  This  being  quickly  done  by  means  rf 
the  steam  derrick,  he  guides  the  drill-stand  to  its  place,  and  finally  fixes  it 
in  position  by  means  of  its  adjustable  legs.  He  then  signals  to  banl  np 
and  make  taiit  the  drill  lines  attached  to  the  motive-power  on  deck; 
and  this  being  done,  he  signals  to  commence  drilling. 

The  crank  plate  of  the  engine  being  thrown  into  gear,  the  engine  being 
in  motion,  the  end  of  the  drill  line  attached  to  the  crank-pin  is  raised, 
which  raises  the  ballasted  block,  the  drill  chain,  and  the  clutch;  which 
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latter  grips  and  raises  the  drill,  tomiDg  as  it  rises,  until  the  forked  end 
of  the  clutch  strikes  against  the  trip-pin,  when  the  drill  chain  still  hoist- 
ing, the  grip  of  the  clutch  is  disengaged  and  the  drill  falls  straight,  cut- 
ting the  rock  by  the  force  due  to  gn^avity.  The  crank  plate  continuing 
its  revolution,  the  drill  line  and  chain  are  lowered,  permitting  the  clutch 
to  descend  to  its  first  position  ready  to  grip  and  raise  the  drill  again. 

The  revolutions  continuing,  the  drill  is  raised  and  let  fall,  making  a 
cut  at  each  revolution  of  the  crank  plate;  and  in  this  manner  the  drilling 
proceeds.   Usually  the  drill  makes  from  sixty  to  eighty  blows  per  minute. 

As  soon  as  the  diver  sees  the  drill  in  perfect  operation,  he  either  busies 
himself  with  any  other  work  that  he  may  have  to  perform  upon  the  bot-' 
tom,  or  he  comes  to  the  surface  of  the  water,  and  supporting  himself 
upon  the  ladder  attached  to  the  side  of  the  vessel  for  his  use  waits  for 
some  necessity  of  his  diving  again. 

Sometimes  the  drill  works  uninterruptedly  till  the  hole  is  drilled  to 
the  depth  desired.  At  other  times  its  working  requires  the  constant  at- 
tendance of  the  diver,  either  in  replacing  drill-heads  broken  by  contact 
with  hard  crystals,  or  in  regulating  the  "turn"  or  "hoist"  of  the  drill,  or  in 
clearing  the  holes  of  cuttings,  or  "  spooning  out,"  as  it  is  termed,  or  recti- 
fying the  direction  of  the  drill  by  adjusting  the  legs  or  guys.  To  afford 
an  indication  above  water  of  the  motion  of  the  drill  below,  and  thus  to 
obviate  the  necessity  of  the  diver's  going  down  for  this  purpose,  an  iron 
rod  is  fitted  into  a  square  socket  on  the  upper  end  of  the  drill-shaft,  and 
to  the  upper  end  of  this  rod  a  wooden  pole,  extending  above  water,  is 
attached.  (Fig.  12,  sheet  4.)  This  pole  being  held  by  an  attendant 
standing  upon  a  movable  staging,  (sheet  2,)  rigged  out  from  the  side  of 
the  vessel,  indicates  clearly  to  him  the  motion  of  the  drill,  and  also  ena- 
bles him,  with  his  hand,  to  prevent  the  drill  falling  repeatedly  into  the 
same  cut,  or  "bouncing  back,"  as  it  is  termed.  In  rough  weather  this 
staging  and  index  pole  cannot  be  used.  At  such  times  the  motion  of 
the  drill  line  is  the  only  indication,  above  water,  of  the  working  of  the 
drill ;  frequent  descents  of  the  diver  are  then  necessary.  The  tendency 
of  the  drill  to  "bounce  back"  is  then  prevented  by  a  ratchet  and  pawl 
(Fig.  2,  sheet  4)  placed  on  the  upper  guide  plate,  and  operated  by  a  ver- 
tical groove  in  the  drill-shaft  and  a  pin  on  the  ratchet. 

It  was  found  that  the  drill  could  be  worked  in  a  rapid  current  as  well 
as  in  slack  water.  This  will  enable  the  operation  of  drilling  and  blast- 
ing to  be  conducted  in  an  extremely  rapid  tidal  current,  by  a  proper 
division  of  time  and  labor,  so  that  the  principal  work  of  the  divers  in 
inserting  charges  for  blasting,  slinging  stone,  &c.,  may  be  done  near  the 
periods  of  slack  water,  while  the  drilling  may  be  advantageously  con- 
tinued during  the  period  of  rapid  flow. 

Upon  Corwin  Bock  the  current  had  a  velocity  of  four  miles  an  hour, 
which  did  not  interfere  in  the  least  with  the  work  of  the  divers  at  any 
stage  of  the  tide. 

In  a  rapid  current  the  stoppage  of  the  drill  for  the  purpose  of  "spoon- 
ing out"  the  hole  becomes  unnecessary,  as  the  motion  of  the  drill  works 
up  the  powdered  cuttings  to  the  mouth  of  the  hole,  whence  they  are 
sucked  out  and  carried  off  by  the  current  in  a  dark  stream  like  the  smoke 
from  the  stack  of  a  locomotive. 

In  a  sluggish  current  or  during  slack  water  the  hose  of  the  air-pump 
was  sometimes  introduced,  and  air  forced  into  the  hole,  creating  a  ciur- 
reut  of  water  extending  to  the  bottom,  which,  by  this  means,  was  cleared 
of  cuttings  more  thoroughly  than  by  the  most  careful  "spooning  out." 
To  attach  this  arrangement  permanently  to  the  drill,  it  is  proposed  to 
have  a  small  hole  along  the  axis  of  the  drill-shaft,  with  outlets  on  each 
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face  of  the  cutter,  and  a  hose  attached  by  a  swivel  to  the  upper  end  of 
the  shaft,  through  which  air  or  water  is  to  be  forced  to  the  bottom  of 
the  hole,  by  which  means  the  drill  may  be  kept  constantly  dear. 

CHARGINa  THE  HOLE,  FIRING,  ETC, 

As  soon  as  the  hole  is  drilled  to  the  required  depth,  the  drill  is  stopped; 
the  drill  line  is  detached  fcom  the  crank-pin  and  unroved  irom  the  bal- 
lasted block;  the  diver  then  descends,  fastens  the  derrick  chain,  which ii 
lowered  to  him  for  the  purpose,  to  the  drill  stand,  and  then  signals  to 
hoist  away;  upon  which  the  whole  machine  is  quickly  hoisted  on  deek. 
After  an  examination  of  the  hole  and  clearing  away  any  cuttings 
remaining  in  the  bottom,  the  diver  comes  to  the  surface,  and  taking  in 
his  hand  the  charge  contained  in  a  water-tight  cartridge,  (sheet  No.  5,) 
usually  of  india-rubber,  carefully  prepared  with  its  fulminating  explodeis 
inside,  its  mouth  hermetically  closed,  and  insulated  wires  extending  t& 
but  not  yet  connected  with  the  electric  battery  on  deck,  descends  aDd 
inserts  it  into  the  drill  hole,  carefully  pressing  it  to  the  bottom  witiift 
rod. 

The  tamping,  (Figs.  1  and  2,  sheet  4,)  if  any  is  used,  is  then  inserted 
above  the  cartridge  and  the  diver  comes  up. 

The  working  vessel  is  then  quickly  hauled  by  the  mooring  lines  to  a 
safe  distance,  the  capstans  worked  by  the  steam-engine  being  used  for 
the  purpose;  the  wires  are  then  attached  to  the  battery,  a  few  tnmsare 
given  to  its  crai^  to  generate  electricity,  the  operator  asks  ^<  all  ready  f 
and  being  answered  ^^all  ready"  by  the  diver,  pulls  the  connection  knob, 
when  a  shock,  followed  instantly  by  a  second  shock,  and  the  upheaval  of 
the  water,  announces  the  explosion  of  the  charge.    The  working  vessel 
is  then  hauled  back  to  her  position  by  steam  a«  before,  and  as  sown 
the  water  becomes  sufficiently  cleared  of  the  dark  muddy  matter  witi 
which  it  is  filled  by  the  blast,  to  enable  the  diver  to  see  in  it,  he  desoeiMis 
and  examines  the  result.    If  the  blast  has  been  effective  and  thrown  out 
a  crater  from  the  rock,  he  signals  for  the  stone  chains  to  be  lowered  to 
him,  which  being  done,  he  proceeds  to  sling  the  large  pieces  of  biokeo 
rock  one  after  the  other,  as  they  are  hoisted  up  by  steam  and  deposited 
on  deck.    All  the  pieces  large  enough  to  sling  being  thus  removed,  be 
signals  for  the  tub  and  shovel,  and  ux>on  their  being  lowered  to  biiQ; 
proceeds  to  shovel  into  the  tuD  the  small  fragments,  and  to  have  then 
hoisted  up  and  piled  on  deck  until  the  surface  of  the  rock  is  sufficiently 
cleared  to  place  the  drill  for  a  new  hole  and  another  blaat.    This  <^' 
ation  is  repeated  and  the  work  thus  progresses  steadily. 

After  some  experience,  such  facUity  can  be  attained  in  drilling  oa 
blasting  as  to  enable  the  work  to  be  continued  in  a  rough  sea,  and  dol- 
ing all  stages  of  the  tide.  To  accomplish  this,  the  slot  in  the  dnta 
must  be  made  of  such  an  oblique  form  as  to  permit  the  clutch  to  runap 
the  drill  shaft,  after  tripping  a  sufficient  distance  to  accommodate  it$ 
motion  to  the  upward  heave  of  the  vessel  in  a  swell  of  the  sea. 

The  particular  adjustable  connection  between  the  drill  and  themotiTB 
power  must  also  be  so  arranged  as  to  afford  the  means  for  compensat^ 
for  the  rise  and  fall  of  the  tide,  by  simply  letting  out  or  taking  in  «* 
line  attached  to  the  cleat  on  the  rail  of  the  vessel,  (sheet  2.)  In  addiiaoj, 
this  arrangement  must  also  enable  the  vessel  when  threatened  by  ac^' 
lision,  or  a  sudden  storm,  by  casting  off  this  line  to  deta<5h  itself  entW/ 
from  the  drill  and  haul  out  of  danger.  After  the  danger  is  pasjsed,  thj 
working  vessel  can  readily  haul  back  again,  pick  up  the  drill  line,  an* 
at  once  resume  work.    This  last  fgtcility  was  found  to  be  of  much  ralae; 
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since,  from  the  position  of  the  rocks  in  the  middle  and  narrowest  part  of 
the  channel,  the  collisions  with  passing  vessels  were  frequent,  especially 
during  the  prevalence  of  light  winds  and  strong  currents.  The  drill 
was  repeatedly  knocked  from  its  position  on  the  rock  by  the  keel  of 
^  passing  vessels.  Its  simple  construction,  however,  enabled  a  blacksmith 
to  repair  all  damages  in  a  few  hours.  To  reduce  the  chances  of  collision 
with  passing  vessels,  the  lower  ends  of  the  supports  of  the  upper  plate 
-were  made  hinged,  fFigs.  6  and  7,  sheet  4,)  so  that  the  whole  upper 
part  of  the  frame  could  be  turned  over,  thus  reducing  its  height  to  about 
four  feet.  This  was  a  great  advantage  whenever  it  became  necessary 
to  leave  the  frame  staniUng  by  itself  upon  the  rock,  as  was  usually  the 
case  at  night,  when  the  working  vessel  sought  its  anchorage  under  the 
lee  of  LovelPs  Island. 

During  the  day  a  red  flag  was  always  displayed  in  a  conspicuous  posi- 
tion on  board  the  working  vessel,  to  notify  masters  of  vessels  of  the 
character  of  the  oi>erations  in  which  she  was  engaged,  as  described  in  a 
published  notice,  and  to  warn  them  to  avoid  a  collision. 

POWDEB  USED. 

The  powder  used  in  the  drill  holes  at  first,  as  previously  stated,  was 
common  blasting  powder.  This  proving  too  weak  to  rend  the  rock, 
Dupont's  best  sporting  powder  was  tried,  in  charges  from  six  to  twenty 
pounds,  with  better  but  not  satisfactory  results.  It  at  once  became  evi- 
dent that  a  stronger  blasting  compound  must  be  obtained.  Trial  was 
then  made  of  the  patent  safety  blasting  powder,  manufactured  by  the 
Oriental  Powder  Company  of  Boston.  Its  comiK)sition  as  manufactured 
for  general  use  is— 

Parts. 

Chlorate  of  potash *. 60 

Kutch  or  gambia .    60 


100 


This  gave  results  nearly  twice  as  great  as  the  sporting  i)owder.  A 
charge  of  it  placed  in  a  drill  hole  from  three  to  eight,  feet  deep  could 
almost  invariably  rend  the  rock,  and  throw  out  a  crater  more  or  less 
extended. 

Trial  was  also  made  of  a  powder  made  from  the  proportions  furnished 
by  Dr.  Charles  T.  Jackson,  State  assayer  of  Massachusetts,  as  follows : 

Chlorate  of  potassa 490 

Yellow  prussiate  of  potash 280 

Powdered  loaf  sugar 230 

1,000 

This  gave  equal  results  to  the  chloride  powder  above,  but  as  there 
was  no  manufacturer  of  this  powder  for  general  use,  the  other  was 
employed,  and  by  special  agreement  made  much  stronger  than  usual,  to 
obtain  the  greatest  possible  blasting  effect    The  prox>ortions  used  were : 

Parts. 

Chlorate  of  potash 80 

Gambia 20 

100 
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The  price  paid  for  this  was  $15  per  box  of  twenty  ponnds.  An  effort  was 
made  to  obtain  nitroglycerine,  at  first,  bat  unsuccessfully,  as  none  could 
at  that  time  be  procured  nearer  than  New  York,  and  "even  then  with 
considerable  difficulty  attending  its  purchase  and  transportation.  Sub- 
sequently the  chloride  powder  in  its  increased  strength  proving  entireiy 
satisfactory  in  its  results,  it  was  no  longer  necessary  for  the  progress 
of  the  work  to  get  a  stronger  explosive.  It  did  not  therefore  seem  proper, 
with  a  just  regard  for  the  safety  of  the  divers,  to  Jidd  to  the  ordinaiy 
risks  of  their  avocation  the  additional  danger  usually  attending  the  use 
of  this  highly  explosive  compound.  As  it  was,  no  accident  from  the  n» 
of  powder  occurred  during  the  whole  work,  although  large  quantiti^ 
were  at  times  kept  on  board  the  working  vessel.  As  a  general  thing, 
however,  the  powder  was  kept  stored  for  safety  in  a  small  house  on 
shore,  near  by,  where  the  cartridges  were  filled,  and  thence  brought  off 
in  a  boat  when  needed. 

For  blasting  in  seams  or  under  projecting  faces,  when  large  charges 
were  required,  the  best  sporting  powder  was  used,  as  it  was  found  to  be 
more  effective  under  those  circumstances  than  the  patent  safety  blasting 
powder.  It  was  only  in  the  drill  holes,  or  when  confined,  that  the  latter 
exhibited  its  superior  strength. 

It  was  found  that  surface  blasting  was  generally  without  effect,  even 
when  from  three  hundred  to  five  hundred  pounds  of  the  best  sporting 
powder  were  used  in  a  single  charge.  It  was  only  when  charge  could  be 
inserted  into  a  seam  made  by  previous  blasts,  or  placed  under  a  projife- 
tion,  that  it  produced  any  effect.  The  cost  and  quantity  of  powder  used 
are  given  in  the  following  table: 

50  pounds  white  powder,  at  $2 |100  60 

6  cases  patent  powder,  at.$13  50 81  00 

6  cases  patent  powder,  at  $15  56 D3  00 

57  cases  patent  powder,  at  $15 855  00 

548  kegs  sporting  and  gunpowder,  at  $6  50 3,562  00 

4, 691  00 
CAKTRIDGES. 

Of  those  numerous  varieties  were  tried  in  the  search  for  one  that 
combined  all  the  requisites  of  impermeability  to  water,  lightness,  incoin- 
pressibility  and  cheapness.  Lightness  or  buoyancy  of  material  th 
required  in  order  that  the  fragments  of  the  cartridges,  after  an  ineffective 
blast,  might  float  out  of  the  hole  and  not  remain  in  to  choke  it  and 
prevent  the  introduction  of  a  new  charge.  Incompressibility  was  requi- 
site to  prevent  the  powder  becoming  caked  from  the  pressure  of  tie 
heavy  column  of  water,  in  which  state  the  ignition  from  the  fuses  or 
exploders  was  slow  and  incomplete!  Cheapness  was  a  desideratum,  bot 
not  a  controlling  one.  The  absolute  requisite  wa«  that  the  cartridg'^' 
should  be  water-tight.  Trial  was  first  made  of  tin  canisters.  These 
were  water-tight,  incompressible  when  braced  inside,  and  cheap;  but 
when  used  in  drill  holes,  (Fig.  5,  sheet  4,)  they  had  the  defect  described 
above,  of  the  exploded  tin  canisters  choking  the  hole  and  preventing » 
new  charge  being  pushed  to  the  bottom.  This  caused  their  abandonment 
as  cartridges  for  drill.  They  were  always  used,  however,  to  contain  the 
charges  for  large  blasts  in  crevices,  large  seams,  or  under  projecting  fa<** 
Tliey  were  of  the  usual  form  seen  in  Figs.  9  and  11,  sheet  5,  and  were 
mostly  braced  crosswise  on  the  inside  to  prevent  being  collapsed  by  the 
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pressure  of  the  water.  For  seams,  the  canisters  were  made  flat  and  thin, 
as  seen  in  Fig,  12,  sheet  5,  and  were  also  braced  in  the  interior. 

Trial  was  next  made  of  India-rubber  cartridges,  (Figs.  3  and  4,  sheet 
6,)  of  a  cylindrical  form  for  drill  holes.  These  answered  very  well,  better 
upon  the  whole  than  any  other  kind.  They  possessed  the  indispensable 
requisite  of  being  perfectly  water-tight,  and  of  leaving  after  the  blast  no 
debris  to  M  the  bottom  of  the  hole.  They  also  being  elastic,  easily 
yielded  to  any  irregularities  of  the  hole,  so  as  to  be  readily  pushed  to  the 
bottom.  The  mouth  was  easily  made  water-tight  by  being  tightly 
wrappexl  around  the  electric  wire  with  twine,  and  then  covered  with  a 
water-tight  compound.  They  had,  however,  the  defect  of  being  compres- 
aible,  so  that  at  the  depth  of  thirty  feet  below  the  surface  the  powder  in 
them  became  caked  almost  as  hard  as  a  stone.  The  cost  was  also  greater 
than  for  any  other  kind,  being  from  thirty-seven  and  one-half  to  seventy- 
live  cents  each. 

The  India-rubber  cartridges  to  contain  charges  to  be  placed  in  seams 
in  the  rock,  were  made  long,  wide  and  flat,  and  were  stitched  like  a  life 
preserver,  in  vertical  parallel  rows,  not  extending  quite  to  the  bottom  or  top. 
(Figs.  13  and  14,  sheet  5.)  They  answered  well,  as  they  readily  adapted 
themselves  to  the  irregular  forms  and  cavities  of  seams.  The  principtd 
difficulty  was  in  filling  them  with  powder,  on  account  of  the  small  tubes 
formed  by  the  stitching. 

Wooden  cylinders  made  of  successive  wrappings  of  thin  wood  cuttings 
such  as  are  used  in  covering  walls  instead  of  paper,  (see  Figs.  7  and  8,  sheet 
5,)  were  next  tried.  In  some  the  wooden  sheets  were  wrapped  with  the 
fibers  longitudinal,  in  others  transverse,  in  others  diagonal. 

The  bottoms  and  tops  were  also  of  wood,  turned  to  fit  tightly,  and 
covered  with  water-tight  composition.  These  cylinders  were  incom- 
pressible, also  buoyant,  so  that  the  fragments,  after  a  blast,  floated  out 
of  the  liole.  The  cost  was  also  small,  being  about  twenty  cents  each. 
But  they  were  not  water-tight.  The  pressure  of  from  twenty -three  to 
thirty-five  feet  of  water  forced  so  much  moisture  through  the  pores  as 
always  to  dampen  and  frequently  to  thoroughly  wet  the  powder  so  as 
it  would  not  explode.  This  was  the  case,  although  to  a  less  extent, 
even  when  the  cylinders  were  wrapped  with  paper  steeped  in  coal  tar, 
paraffline,  and  other  water-proof  substances. 

Thick  paper  cylinders  (Fig.  6,  sheet  5,)  covered  with  watertight 
substances,  were  next  tried.  These  were  buoyant,  cheap,  and  nearly 
incompressible,  but  in  a  majority  of  cases  they  proved  not  to  be  water- 
tight.   The  pressure  of  water  caused  the  coatings  to  crack. 

Iron  cylinders  cast  very  thin  were  proposed,  but  not  tried,  as  their 
fragments  would  be  likely  to  jam  in  the  hole  after  a  false  blast,  and 
preventing  getting  a  new  charge  down  to  the  bottom.  They  might  also 
jam  in  an  angular  hole.  A  similar  difficulty  was  experienced  in  the  use 
of  some  gun-metal  cylinders,  cast  like  the  cup  of  the  Minie  ball,  that 
were  tried  over  the  charges  for  tamping. 

Glass  cylinders  or  long  bottles  were  also  proposed,  but  not  tried,  as 
the  divers  objected  to  their  use  on  account  of  the  broken  glass  which 
would  mix  with  the  fragments  of  stone,  being  likely  to  cut  Uieir  hands 
in  handling  the  stone,  and  also  to  cut  through  their  submarine  dress 
while  working  upon  their  knees,  in  which  position  most  of  the  work 
about  the  driU,  and  in  shoveling  up  the  small  pieces  of  stone,  has  to  be 
done,  A  single  small  cut  in  a  diver's  dress  would  let  in  water  enough 
to  immediately  fill  his  armor.  We  were  therefore  forced  to  continue 
the  use  of  the  India-rubber  cartridge  notwithstanding  its  cost  and 
compressibility.    The  latter  defect  was  obviated  to  a  certain  extent  by 
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the  diver  constantly  manipulating  the  filled  cartridge  with  his  liands 
from  the  time  he  went  under  water  until  he  placed  it  in  the  hole  ready 
for  blasting,  after  which  he  came  directly  up,  and  the  charge  wa>s  fired 
without  loss  of  time.  In  addition,  several  exploders  were  used  in  ea^^ 
of  the  larger  charges,  so  as  to  give  several  points  of  ignition  to  insure 
complete  combustion. 

MEANS  FOR  EXPLODING  THE  CHARGES. 

• 

Within  the  charge  was  placed  one  or  more  exploders,  or  fuses,  containing 
fulminating  powder,  placed  between  and  around  the  slightly  separated 
ends  of  two  fine  copx)er  wires,  (Pig.  1,  sheet  6.)  The  spark  produced  by 
the  passage  of  the  electric  current  between  these  two  wire  ends  explodes 
the  fulminate,  and  thus  ignites  the  whole  charge.  The  wirea  in  these 
exploders  are  connected  with  two  other  wires  in  an  insulating^  coating 
of  gutta  percha.  which  extend  above  water  and  to  the  portable  electric 
battery  on  the  deck  of  ttie  working  vessel.  Sometimes  these  wires  were 
in  separate  insulating  coverings,  as  in  Fig.  6,  sheet  6,  and  at  others  boHi 
in  the  same  covering,  aB  in  Fig.  5. 

Great  pains  were  always  taken  to  make  the  mouth  of  the  cartridges 
where  these  connecting  wires  entered  the  charge  hermetically  tig-ht,  by 
means  of  a  tight-fitting  cork  or  wrapping  of  twine,  over  which  a  thidic 
coating  of  a  water-tight  compound  of  melted  India-rubber,  lard  and 
rosin,  was  carefully  pressed  and  molded.  All  this  was  done  on  the 
deck  of  the  vessel,  before  the  charge  was  taken  below  by  the  diver. 

The  conducting  wires  may  be  either  iron,  steel  or  copper,  the  latter 
being  preferred  for  its  superior  conducting  power.  Two  were  usually 
employed  as  stated  above,  but  at  one  time,  when  a  very  lar^re  charge 
was  to  be  fired,  it  became  necessary  to  use  the  whole  length  of  the  wire, 
in  order  to  enable  the  sloop  to  lie  at  a  safe  distance. 

In  this  ca«e  a  short  portion  of  the  second  wire  fix>m  the  cartridge  ww 
left  to  project  into  the  water,  while  a  similar  portion  of  wire  connected 
with  one  pole  of  the  electric  battery  was  suffered  to  hang  over  the  side 
of  the  vessel  into  the  water.  When  the  poles  of  the  battery  were 
connected,  as  usual,  to  fire  the  charge,  its  explosion  took  place  instantly, 
the  return  current  passing  through  the  water  from  the  end  of  wire 
projecting  from  the  cartridge  to  the  end  hanging  overboard  precisely  as 
though  connected  by  wires. 

The  exploders  for  small  charges  were  single,  (Figs.  1  and  3,  sheet  6;)  for 
larger  ones  they  were  double  or  treble,  and  for  very  large  charges  a 
lar^e  number,  as  many  as  fifty  in  some  cases,  were  attached  together, 
forming  a  string,  (Figs.  2  and  4,  sheet  6.)  For  such  a  string  the  exploders 
were  made  of  a  more  sensitive  fdlminate,  expressly  prepared  for  ttie 
purpose  by  their  manufacturers,  Messrs.  Moore  &  Smith,  No.  €S 
Sudbury  street,  Boston,  by  whom  the  conducting  wires  and  the  frietioii 
battery  were  also  made. 

The  friction  battery  is  of  a  simple  construction,  as  seen  in  Figs.  1  and 
7,  sheet  7.  It  is  only  about  one  foot  square  by  two  inches  in  thickness, 
and  is  x>ortable,  light,  and  convenient  for  use.  Although  so  small,  it 
contains  all  the  necessary  parts  of  such  a  battery^  a  friction  whed, 
Leyden  jar,  and  connecting  poles,  all  contained  in  an  insulated  covering; 

Its  simplicity,  lightness,  and  compactness,  recommend  it  for  serviee 
in  the  field  to  fire  temporary  mines,  fougasses,  &c.,  or  on  the  coast  to 
fire  the  torpedoes  used  against  shipping,  or  in  forts  to  fire  the  heaTy 
guns. 

To  fire  a  charge  with  it,  the  connecting  wires  from  the  e^qdoders  ia 
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tbe  charge  are  first  attached  to  the  tvro  knobs  of  the  instrament;  a  few 
turns  are  then  given  to  the  handle  to  generate  the  electricity;  then 
everything  being  "ready,''  the  order  to  "fire''  is  given,  when  the  knob 
to  connect  the  poles  is  pulled  by  the  operator,  and  the  explosion  takes 
place  instantly. 

No  exploder  missed  fire  daring  the  whole  course  of  the  work  upon 
Tower  and  Corwin  Bocks. 

The  friction  battery  requires  to  be  taken  in  pieces  about  once  in  a 
month  to  clean  the  Motion  plate  and  its  compartment  of  the  loose 
powder  and  dust,  and  to  renew  the  "mosiac  gold,"  or  sulphuret  of  tin, 
upon  the  spring  friction  rubbers.  It  should,  when  not  in  use,  be  kept 
in  a  warm,  dry  place. 

TAMPING. 

At  first  common  sharp  sand  mixed  with  fine  gravel  was  used,  but  it 
was  found  that,  at  the  depth  of  the  charges,  twenty-three  feet  at  low  and 
thirty-three  feet  at  high  water,  the  sand  became  so  buoyant  as  to  be 
deprived  of  the  compactness  necessary,  in  tamping,  to  produce  effect. 

Metal  tamping  was  then  tried.  Of  tnese  the  Lavis  form  (Fig.  1,  sheet 
5}  was  always  effective,  but  had  the  disadvantage  of  being  introduced 
with  difficulty. 

A  gun-metal  cylinder,  (Fig.  2,  sheet  5,)  with  one  end  closed,  except  a 
small  orifice  for  the  electric  wires,  was  then  tried  with  success.  The 
upper  part  of  the  cartridge  fitted  into  the  cup  of  this  tamper,  and  both 
were  lowered  into  the  hole  together.  In  firing,  the  cup  expanded  like 
that  of  the  Minie  ball,  causing  the  outside  of  the  cylinder  to  adhere 
by  friction  to  the  sides  of  the  drill-hole. 

Generally  the  best  results  in  blasting  were  obtained  by  first  exploding 
in  the  drill-holes  successive  small  charges,  without  tampmg,  until  seam» 
were  started  in  various  directions,  and  then  using  a  heavy  charge  of 
patent  powder,  with  a  good  tamping  like  the  gun-metal  cylinder,  so  as 
to  didodge,  if  not  to  hoist  out,  all  the  masses  of  rock  that  had  become 
disconnected  by  the  seams. 


S2. 

Boston,  Mass.,  April  16, 1869. 

General:  I  have  the  honor  to  inclose  herewith  report  of  Major 
Burroughs,  of  operations  at  Provincetown.    I  also  inclose  notes  of 
current  and  tidal  observations  at  that  station  and  send  map  of  Gape 
Cod  Harbor,  upon  which  the  results  are  delineated. 
Very  respectfully,  your  obedient  servant, 

J.  G.  F08TEE, 
Bvt  Maj.  Oen.  U.  8.  A.,  Lieut  Col.  JEngineerg. 

Bvt.  Mj\j.  Gen.  A  A.  Humphbeys, 

Chief  of  Enffineersy  Headquarters  Corps  ofEngineers^ 

WasningUmj  D.  C 

United  States  Bngineeb  Oppicb, 

Provincetown^  Mass.j  April  12, 1869. 

Oenebal  :  I  have  the  honor  to  submit  the  following  report  in  refer- 
ence to  the  cuirent  observations  in  tiiis  harbor,  lately  made  by  your 
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orders,  with  the  party  under  my  charge,  to  accompany  the  map  idikk 
has  been  prepared. 

April  6, 1868,  the  Chief  of  Fngineers  directed  General  Benham  to  make 
certain  observations,  investigations,  &c.,  in  view  of  the  preservatioQ  of 
the  harbor  at  this  point  and  of  a  determination  of  the  causes  of  damage 
to  it.  Jane  9,  the  Chief  of  Engineers  transferred  to  yom*self  the  charge 
of  the  work  and  temporarily  relieved  me  from  duty  withOeneral  Benham, 
to  conduct,  under  your  direction,  ^^surTe>s  and  works  for  preservatioii 
of  Provincetown  Harbor."  The  transfer  was  eflFected  by  June  24.  Fron 
that  date  until  July  13,  the  time  was  occupied  in  preliminary  examina- 
tions, procuring  boat  material,  (floats,  &c.,)  office  party,  &c.,  &c.  Draw- 
ings of  the  projected  dike,  at  the  "  Wading  Place,''  in  Bast  Harbor,  and 
of  the  proposed  brush  bulkhead  on  Beach  Point,  were  also  prepared, 
contracts  advertised  for,  &c.,  during  that  interval.  July  13 1  took  statioii 
at  this  place  and  commenced  observations  on  the  currents,  those  near 
East  Harbor  being  taken  first,  on  account  of  the  progress  in  the  con- 
struction of  the  State  dike  closing  the  entrance  into  this  inlet.  At 
that  time  the  rows  of  round  piles  had  not  been  driven  completely  across 
the  entrance.  This  work  gradually  continued  until,  on  November  4, 
the  tide  was  entirely  shut  off.  After  that  date,  I  took  a  few  observa- 
tions there,  as  shown  on  the  map. 

The  apparatus  for  sub-floats  consisted  of  hollow  India-rubber  balls, 
(ordinary  **foot  balls,'')  about  one  foot  in  diameter,  pierced  on  the  side 
with  four  one-inch  holes,  to  allow  them  to  fill  with  water.    They  were 
supported  inside  by  stiff  wire  frames,  weighted  (accordingtodepth  to  which 
submerged)  with  leaden  washers,  attached  to  the  under  side  to  a  small 
loop,  and  connected  by  a  fine  copper  wire  with  a  surface  float.    Tbe 
balls  were  submerged  to  any  required  depth,  the  amount  of  washen 
necessary  being  readily  determined  in  each  case  by  the  strain  upon  the 
wire.    The  copper  wire  was  soon  abandoned,  as  it  wa«  found  to  get  inta 
loops  or  "kinks"  and  to  snap  off.    We  lost  one  sub-float  in  that  way, 
and  barely  saved  another.    We  then  used  a  very  fine  cotton  line,  such 
as  is  used  in  fishing  for  mackerel.    This  did  well,  there  being  no  visible 
difference  between  the  practical  utility  of  the  two.    The  surfkce  float  was 
composed  of  two  cross  pieces  of  wood,  very  thin  and  light,  eighteen 
inches  each  in  length,  placed  at  right  angles  to  each  other,  and  supported 
at  each  extremity  by  flat  India-rubber  floats,  each  six  inches  in  horizon- 
tal diameter,  the  line,  connecting  with  the  sub-float,  being   fastened 
under  the  junction  oi  the  crossed  pieces.    At  the  same  point  a  liglit 
staff  was  inserted,  from  two  to  three  leet  high,  carrying  a  light  flag. 
At  first  streamers  were  tried,  six  inches  at  the  head  and  nineinehes  fly, 
but,  finding  it  difficult  to  see  them  at  long  distances^  firom  the  shore, 
we  were  obliged  to  increase  their  size  and  change  their  shai^e,  using 
rectangular  flags,  twelve  inches  at  the  head  and  eighteen  inches  fly. 
To  keep  them  "out"  we  had  very  light  strips  of  rattan  rigged  as  i 
"sprit"  and  as  a  "boom"  in  each  one.    These  flags  seemed  to  take  no 
more  wind  than  the  smaller  ones.    After  trying  different  colors  for 
flags,  deep  red  and  clear  white  were  found  to  be  best,  the  larg^e  red 
being  visible  perhaps  a  mile  from  the  shore,  and  the  large  white  at  i 
somewhat  greater  distance,  but  both  with  some  difficulty.    For  obser- 
vations near  the  shore  we  made  use  of  fixed  points  as  posts,  one  thousand 
feet  apart-,  placed  on  ordinary  high- water  line,  ends  of  bridge,  vertex  <rf 
angle  in  same,  &c.    The  angles  were  taken  by  two  observers  at  adjacent 
stations,  each  one  with  a  sextant,  bringing  together  the  other  and  the 
float,  the  time  of  each  two  angles  being  noted,  of  course,  taken  simul- 
taneously at  the  preconcerted  signals.    The  stations  known,  the  inter* 
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section  of  the  two  angles'  sides,  not  oommon,  determine  the  XK>sition  of 
the  float  at  the  recorded  time.  The  observation,  repeated  soon  after 
on  the  same  float,  from  another  xK)sition,  the  notes  gave  difference  of 
time  between  the  two,  and  the  map  the  distance,  as  well  as  the  patibu 
From  time  and  distance  velocity  was  obtained. 
By  this  system  of  observations,  under  favorable  circumstances,  we 
could  obtain  a  long  path  of  the  same  float,  with  the  change  during  its 
duration. 

For  observations  in  deeper  water,  on  account  of  the  distance,  we  were 
obliged  to  anchor  a  small  sloop  at  the  desired  station,  determine  its 
position  by  two  angles,  between  three  fixed  points  on  shore,  (three  point 
problem,)  set  off  a  float,  determine  its  direction  by  an  angle  with  some 
flxed  point,  &c.,  and  its  length  of  path  by  a  line  fastened  at  one  end  to  the 
vessel,  the  other  being  attached  to  a  skiff  and  kept  abreast  of  the  float. 
The  length  of  the  line  was  generally  two  hundred  and  fifty  feet,  necessa* 
rily  short. 

The  copy  of  the  notes,  attached  hereto,  furnish  the  necessary  data 
for  botli  methods  of  observation.  There  are  also  a  few  notes  on  tibie 
map,  on  which,  too,  the  different  kinds  of  observations  will  be  easily 
distinguished.  I  append  a  schedule  of  the  tide  observations,  taken 
from  the  tide-gauge  books,  giving  time  of  high  or  low  water,  stand,  rise  or 
fall  in  feet,  &c,  as  observed. 

Changes  in  the  shore  and  other  lines  as  given  by  the  different  maps, 
from  which  ours  was  taken,  the  comparison  and  union  of  them  as  given 
on  ours,  different  degrees  of  shrinkage,  &c.,  may  have  produced  discrep- 
ancies; but  it  is  hoped  that  the  probability  of  error  on  ours  has  been 
reduced  to  the  lowest  point.  The  mean  of  differences  has  been  taken 
as  much  as  possible.    This  is  especially  the  case  on  Beach  Point. 

In  taking  our  observations^  the  limited  time  and  other  causes  of  diffi- 
culty given  below,  added  to  the  evidently  dose  approach  to  equality  of 
sub  and  surface  currents,  (soundings  generally  shallow,)  induced  me  to 
confine  myself  almost  entirely  to  sub-currents.  I,  too,  on  account  of 
growing  sea-weed,  bars,  changes  of  tide,  and  consequently  sounding, 
&c.,  was  obliged  to  keep  the  sub^^oat  well  up  from  the  bottom.  It  was 
my  desire  to  furnish  as  complete  a  set  of  observations  as  possible.  I 
should  have  liked  to  have  extended  them  through  a  full  set  of  tides,  or 
at  least  to  have  given  them  at  a  more  uniform  stage  of  tide.  I  have 
tried  to  scatter  them  over  as  much  of  the  harbor  as  I  conld^  to  show, 
even  though  at  irregular  stages,  some  indication  of  currents.  I  was  ham- 
pered by  the  amount  of  space  to  be  covered,  the  lateness  of  the  season,  the 
necessity  of  educating  not  only  my  party  (observers,  &c.)  but  myself, 
and  above  all,  by  the  frequent,  and  as  I  am  told,  the  extremely  unusual 
amount  of  foggy  and  windy  weather  greatly  impeding  my  progress.  I 
took  advantage  of  all  the  opportunities  afforded,  and  have  furnished  as 
much  as  I  think  I  could,  witiii  the  drawbacks  against  which  I  labored. 

This  harbor  is  seldom  free  from  wind  for  any  length  of  time,  even  in 
one  day.  This  very  often  rendered  it  impossible  (on  account  of  rough 
seas,  &c)  to  operate  with  the  floats ,  more  so  last  summer ;  (as  said 
before)  than  it  would  probably  have  been  in  previous  summers.  Our 
floats  were,  I  think,  but  little  liable  to  the  influence  of  a  light  wind,  but 
perhaps  too  much  so  for  perfect  accuracy.  I  could  not  allow  m  any  way 
for  its  effect,  either  in  getting  or  while  plotting  the  paths  of  floats. 
Here  it  seems  to  be  nearly  the  powerfiil  element.  Vessels  at  anchor  ride 
not  with  the  tide,  but  invariably  with  the  wind,  light  as  it  may  be.  The 
corrents  (there  being  no  confined  channel)  work  in  all  directions^  and 
apparently,  in  general,  but  lightly,  unless  backed  by  the  wind.    The 
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spaces  between  jetties  on  bulkheads  are  fitted  with  sand  mainly  m 
certain  favorable  winds. 

The  various  divisions,  reflections,  &e.,  of  the  general  tide  wave,  in  the 
"  hook"  of  Cape  Cod,  and  finally  in  Provincetown  Harbor  itself,  shor^ 
eddies  and  bars  in  the  harbor,  must  account  for  the  great  irregularity  ii 
the  direction  of  the  paths  of  floats,  as  given  on  the  map.  In  sonoie  caaes 
the  wind,  too,  must  be  considered,  perhaps  more  or  less  for  all,  except 
those  taken  during  a  calm. 

It  is  stated  in  "Navy  Scientific  Papers,  No.  2,  Tides  and  Tidal  Pli6 
nomena,"  1868,  by  Assistant  Henry  Mitchell,  United  States  Coast  Sib- 
vey,  that  sand  (about  such  as  is  here)  is  moved  by  water,  haviBg  t 
velocity  i>er  second  of  0.53  foot.  Velocities  on  the  map  are  in  feet  pa 
second.  The  damage  to  the  harbor  by  filling,  from  all  information  thtf 
I  have,  seems  to  have  largely  increased,  as  trees  were  cat  down  cb 
the  sand  hills,  for  fire-wood,  &c.  There  are  now  on  the  hills,  north  te 
northeast  of  the  (former)  outlet  of  East  Harbor,  trunks  of  tree^  wfaiek 
undoubtedly  grew  there.  The  sand  of  these  hills,  not  bein^  held  by  tJie 
shrubbery,  of  course  would  easily  be  blown  about.  In  1854,  this  kiy 
of  destruction  was  stopped  by  law;  that  it  was  in  practice  is  not  so  cer- 
tain. At  the  place,  toward  the  head  of  East  harbor,  called  **  the  Core," 
(see  map,)  the  bank,  although  grown  over  with  beach-grass,  is  rapi^ 
washing  away  on  the  outside,  (see  profiles,  &c.,  already  furnished.)  lat- 
terly the  beach  outside,  at  the  same  place,  has  received  a  deiK>sit  of 
sand,  raising  its  level.    This  is  probably  only  temporary. 

The  dike  at  "High  Head''  or  the  "Wading  Place"  will,  it  is  trusted 
protect  from  a  break  Beach  Point  and  the  State  dike,  should  the  dca 
wash  through  at  the  "  Cove,"  or  any  similar  weak  place,  a  result  thit 
seems  not  improbable  from  present  tendencies.  As  a  means  of  stoppinf 
the  was]^  of  sand  into  the  harbor  proper  from  East  Harbor,  the  Stait 
dike  is  effective  and  doubtless  necessary ;  but  should  a  place  like  ibt 
Cove  give  way.  Beach  Point  would  probably  receive  the  first  and  giesl- 
est  force  of  the  inflowing  sea — the  latter  spread  out,  it  is  true,  but  stiE 
formidable. 

Now  that  East  Harbor  is  closed  in,  the  currents  in  that  vicinity  ol 
course  changed,  &c.,  in  order  to  be  able  to  notice  the  effect  on  the  flatt 
in  that  part  of  the  harbor,  marked  stakes,  about  five  inches  in  diameter, 
sunk  four  feet  in  the  sand,  and  standing  out  two  feet,  are  being  set  it 
various  places  on  these  flats.  The  positions  of  the  stakes  are  to  be  noM 
distance,  &c. ;  also  the  distance,  on  their  different  lines,  from  the  outer 
one  to  the  edge  of  the  bar,  at  ordinary  low  water. 

The  amount  of  extension  of  Long  Point  into  the  harbor,  I  have  no 
means  of  stating.  A  bar  is  evidently  making  out,  but  appears  to  havv 
a  tendency  to  carry  on  the  general  line  of  contour  of  the  cape,  and,  asft 
advances,  to  curve  itself  inward.  The  stone  placed  on  the  ontsidesf 
the  "point,"  on  the  beach  at  the  level  of  half-tide,  and  south westoty 
from  the  light-house  bulkhead,  has  probably  (by  catching  the  great 
amount  of  sand  that  it  holds)  retarded  the  increase  of  the  bar,  whik 
adding  to  the  thickness  of  the  "point.^' 

It  appears  to  me  that  Provincetown  Harbor  requires  an  incessaiit 
watching  of  changes,  as  they  progress,  and  that  the  steps  of  imiuroT^ 
ment  should  be  exceedingly  slow  and  cautious.  What  may  seem  a  beih 
efit  to-day  might  prove  an  injury  to-morrow.  The  light  and  cheap 
improvements  proposed  in  your  letter  of  December  21,  1868,  to  the 
Chief  of  Engineers,  are  undoubtedly  necessary  and  would  prove  effectiTe. 
Beyond  them  nothing  could  be  done  at  present,  unless,  perhaps,  if  I 
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mi  gilt  venture  to  suggest,  a  few  catch-sands  be  built  in  East  Harbor, 
toward  the  head  of  the  meadow,  closing  such  hollow  places  as  the  "  Oove,^ 
^which  might  afford  additional  strength  and  at  little  cost. 

The  different  works  of  improvement  lately  done  by  the  United  States 
Tivere  indubitably  necessary,  i.  «.,  stone  on  outside  of  Long  Point,  dike  at 
High  Head,  an^  brush  bulkhead  and  jetties  on  Beach  Point,  (all  indi- 
cated on  the  map;)  also,  repairs  on  the  older  (plank)  bulkhead,  built  by 
General  Benham,  Corps  of  Engineers,  in  1866  and  1867,  on  the  easterly 
portion  of  Beach  Point,  and  with  which  the  brush  bulkhead  is  connected, 
mnning  westerly.  Of  their  necessity  I  am  fully  convinced,  by  frequent 
examinations  of  the  increase  of  the  danger  which  the  dike  is  intended 
to  avert,  and  of  the  increase  of  the  safety  which  the  rest  of  the  works 
are  producing. 

A  few  sketches,  in  connection  with  the  dike  and  brush  bulkhead,  will 
be  furnished  soon. 

Mr.  W.  T.  Martin,  as  draughtsman,  &c.,  has  been  a  very  valuable 
assistant,  and  has  discharged  his  various  duties  with  great  skill  and 
fidelity. 

I  am,  general,  very  respectfully,  your  obedient, 

GEORGE  BURROUGHS, 
Capt  of  Engineers  and  Bvt.  Maj,  U.  8.  4*;  Amstant. 

Bvt.  Maj.  Gen.  J.  G.  Foster, 

lieut  Col,  of  Engineers  U.  8.  A. 


S3. 

Boston,  Mass.,  May  4, 1869. 

General  :  I  have  the  honor  to  enclose  herewith  the  report  of  Brevet 
Lieutenant  Colonel  G.  L.  Gillespie,  captain  of  engineers,  of  the  survey 
made  of  Gangway  Rock,  Newburyport  Harbor,  Massachusetts,  as 
directed  by  you. 

In  consequence  of  the  freshet  prevailing  in  the  Merrimac  River  at  the 
time  of  the  survey.  Colonel  Gillespie  found  it  impossible  to  properly 
conduct  the  survey  with  the  crew  of  the  General  Humphreys,  and  was 
compelled  to  incur  additional  expenses  by  hiring  a  scow  and  five  laborers. 

The  survey  was  made  much  more  complete  than  I  could  expect,  from 
the  fact  that  Mr.  Townsend,  the  submarine  diver,  accompanied  the  party, 
and  descended  to  the  rock  in  his  armor,  and  assisted  materially  in  the 
progress  of  the  work.  These  services  were  rendered  gratuitously  by 
Mr.  Townsend. 

By  reference  to  a  tracing,  which  I  forward  herewith,  showing  the 
contouiiof  the  rock,  the  completeness  of  the  survey  will  be  seen. 

The  estimated  expense  of  the  removal  of  the  obstructions  referred  to 
by  Colonel  GUlespie  is  as  follows: 

For  Gangway  Rock:  Drilling,  blasting,  removing,  and 
depositing  on  shore  45  cubic  yards  of  rock,  at  $50  per 
yard $2, 250  00 

For  bld'Sting  and  removing  the  wreck  of  the  coal  schooner 
near  the  Black  Rocks 5, 000  00 
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For  contingencies,  snpervision,  office  expenses,  &;c.,  15  per 

cent $1, 087  50 

Total 8,337  50 


I  remain,  general,  very  respectfully,  your  obedieftt  servant, 

J.  G.  FOSTER, 
Bvt  Maj,  Oen.  U,  8,  A.,  Lieut  CoL  Ungineen, 

Bvt.  MsJ.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  Headquarters  Carps  of  UngineerSy 

Washingtofiy  I).  C. 


United  States  Engineeb  Office, 

City  Hall,  Bostony  Mass.y  May  4, 1869. 

General:  I  have  the  honor  to  submit  the  following  report  of  my 
examination  and  survey  of  the  Gangway  Eocks,  in  Newburyport  Harbor, 
Massachusetts: 

In  compliance  with  your  verbal  instructions  I  left  Boston  Friday 
morning,  April  23,  and  immediatly  after  my  arrival  at  Newburyport  I 
looked  up  most  of  the  pilots  who  were  in  and  out  of  the  harbor  almost 
daily,  and  got  their  views  in  reference  to  the  dangerous  localities  in  the 
harbor.  I  also  had  interviews  with  some  of  the  principal  ship-owners; 
their  statements  generally  coincided  as  to  the  obstacles,  but  differed 
as  to  the  dimensions  and  dangers  of  the  obstacles.  The  channel  to 
the  city  is  not  especially  tortuous,  but  there  are  several  places  where 
the  greatest  vigilance  must  be  exercised  by  the  pilot.  The  first  of  these, 
*  estimating  from  the  bar,  is  an  old  wreck  that  lies  off  the  Black  Bocks. 
It  is  filled  with  coal,  or  was  when  it  went  down,  in  the  fall  of  1867,  and 
has  but  six  feet  of  water  over  it  at  low  water.  It  lies  directly  in  the 
channel  and  is  most  dangerous  in  its  character.  The  pilots  state  that 
since  it  foundered  it  has  risen  two  feet,  probably  due  to  part  of  the  cargo 
having  been  emptied  out  by  the  currents.  The  next  obstacle  is  the 
Gangway  Bock,  which  I  was  directed  to  survey,  and  plans  and  sections 
of  which  accompany  this  report.  It  is  in  the  channel,  east  of  the 
north  and  south  piers,  and  is  particularly  dangerous,  as  it  is  small  and 
not  abrupt  and  sharp  on  the  channel  side.  On  account  of  the  ledge  that 
runs  out  fi^m  the  north  pier,  vessels  passing  have  to  hug  the  Gangway 
Bocks,  and  if  by  any  mischance  the  tides  and  winds  are  unfavorable^ 
they  are  liable  to  be  thrown  upon  the  Gangway.  It  is  a  hump  of  a  gen- 
eral ledge  that  underlies  the  harbor,  outcropping  in  another  direction, 
it  is  supposed,  at  the  Half-tide  Bocks  that  lie  south  of  the  north  and 
south  piers.  If  the  north  pier  ledge  be  partially  blasted  away  in  connec- 
tion with  the  Gangway  Bock,  the  channel  will  be  sufficientlyimproved  for 
all  the  purposes  of  facility  of  navigation.  There  is  also  a  round  boulder, 
with  six  feet  of  water  at  low  wat^r,  near  the  south  pier  and  in  the  inside, 
but  it  is  so  close  to  the  pier  that  it  is  little  to  be  feared.  The  position 
of  this  rock  I  have  firom  report  only.  When  I  made  the  survey  of 
Gangway  Bock,  the  ordinary  current  of  the  Merrimac  Biver  had  received 
an  increment  from  the  spring  freshet,  and  it  was  not  an  easy  matter  to 
maneuver  a  boat  near  the  piers.  I  could  not  take  the  Humphreys 
with  any  safety  into  that  narrow  channel  where  the  current  was  rapid 
and  the  rocks  not  buoyed  out,  so  I  was  forced  to  procure  two  small 
boats  and  from  them  locate  the  rock,  which  I  buoyed  as  soon  as  foand. 
This  was  done  Friday  afternoon.  Next  morning  at  high  water,  when 
the  current  was  somewhat  checked,  I  towed  with  the  Humphreys  two 
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Bcows  I  had  engaged^  and  placed  them  in  iK)sition  over  and  inclosing 
the  rock  and  ms^e  a  partial  survey  that  was  completed  on  Monday  fol- 
lowing. Mr.  Townsend,  the  submarine  diver,  examined  the  rock,  with 
his  armor  on,  Monday  morning  whilst  I  was  taking  soundings.  1  esti- 
mate that  forty-five  cubic  yawls  blasted  from  the  ledge  will  give  the 
same  depth  of  water  as  is  found  at  other  points  of  the  channel  between 
the  piers — ^nine  feet  at  low  water. 

I  am,  general,  very  respectfully, 

G.  L.  GILLESPIE, 
Captain  of  UngineerSy  Bvt  Lieut  CoL  U.  S.  A. 

Bvt.  M£y.  Gen.  J.  G.  Fostee,  U.  S.*  A., 

Lieutenant  Colonel  of  Ungineera. 

* 

I  have  forgotten  to  mention  that  near  the  custom-house  wharf,  a  few 
rocks  called  the  "Boilers"  show  themselves  at  low  water;  they  are  dan- 
gerous, but  lie  so  near  in-shore  that  but  few  vessels  ever  strike  them. 

G.  L.  G. 


Appendix  T. 


Boston,  Mass.,  August  18, 1869. 

General:  1  have  the  honor  to  make  the  following  report  of  operations 
on  the  sea  walls  of  Great  Brewster  Island  for  the  year  ending  June 
30, 1869. 

in  my  last  annual  report  (of  August  22, 1868)  I  reported  the  comple- 
tion of  all  the  main  sea  walls,  as  far  as  required  for  the  protection  of  the 
south  head,  as  also  that  the  main  wall  itself  was  built,  as  far  as  had 
been  designed,  for  the  protection  of  the  north  head  of  this  island. 
Although,  from  the  increase  of  cost  of  work  by  contract  over  the  estimate 
by  hired  labor,  the  funds  had  not  sufficed  to  back  with  earth  the  last 
five  hundred  and  fiity  feet  of  this  wall,  or  to  set  the  rough  <<  shells"  stone 
paving  in  rear,  as  required  for  nearly  the  entire  length  of  this  wall. 

For  the  completion  of  these  p(Ml;ions  of  the  work,  I  was  advised,  in  Sep- 
tember, that  the  estimated  fands,  $10,000,  would  be  allotted,  and  the 
work  was  at  once  commenced  and  pushed  as  vigorously  as  possible 
through  the  remainder  of  the  season,  of  which  there  then  remained  but 
some  six  or  eight  weeks  of  good  working  weather,  and,  during  the  autumn, 
the  heavy  rear  paving  on  the  main  exposed  easterly  face  was  placed,  for 
some  fifteen  feet  back  of  this  wall,  upon  one  or  two  feet  of  small  boulders 
or  "  shingle  "  for  about  seven  hundred  linear  feet,  completing  the  protec- 
tion riequired  for  the  most  exposed  part  of  the  wall.  The  earth  backing 
required  has  been  filled  in  on  the  north  short  face  of  about  one  hundred 
and  fifty  feet,  and  on  the  next  adjacent  face  of  two  hundred  and  fifty 
running  feet  at  the  northwest,  and  it  was  for  the  most  part  completed 
for  the  next  and  last  face  (of  one  hundred  and  fifty  running  feet)  of  the 
wall,  and  for  nearly  the  whole  distance  around,  some  eight  hundred 
running  feet,  from  the  termination  of  the  heavy  "shells"  paving  nearly 
to  the  face  last  named;  a  covering  of  small  cobble  stones  or  boulders  was 
placed  to  afford  a  temporary  protection  from  the  dash  of  the  sea,  until 
the  more  reliable,  heavy  "  sheUs"  or  large  boulder  paving  (as  at  Lovell's* 
Island)  can  be  placed. 

A  good  jetty  of  upright  split  stone,  six  to  eight  feet  in  height  and 
about  six  to  eight  feet  in  breadth,  and  extending  out  obliquelj''  about 
thirty  feet  from  the  west  end  of  the  wall  of  the  south  face  or  the  south 
head,  was  also  built;  the  jetty  being  sunk  one-half  its  depth  in  the  blue 
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clay,  and  sorrouDded  at  the  base  with  concrete  of  two  and  one-hailf  to 
three  feet  in  height  and  width.  This  appears  to  secure,  effectoally,  the 
extremity  of  the  wall  from  that  of  the  eddying  sea. 

A  dry  wall,  of  three  courses  of  stone  on  hand,  was  laid  to  give  a  tern- 
porary  protection  to  the  gap  between  the  north  and  south  head  walls. 

From  the  lateness  of  the  season  at  which  the  funds  were  available  and 
the  early  setting  in  of  the  winter,  it  was  impossible  to  finally  complete 
the  work  required  for  the  rear  of  the  north  head  wall,  although  tiie 
funds  allowed,  if  used  in  the  more  favorable  weather  of  the  midsummer, 
would  have  sufficed  for  this  purpose.  And  though  some,  nearly"  one- 
fourth,  remained  on  hand,  it  was  not  deemed  advisable  to  commence 
work  there  this  season  until  a  decision  was  had  as  to  my  estimates  for 
$25,000  for  constructing  a  wall  (of  two  hundred  and  fifty  running  feet) 
between  the  two  walls  already  built.  That  sum  having  been  allotted  in 
June,  the  quarrying  and  dressing  and  delivery  of  the  stone  facing 
required  (having  been  previously  arranged  for  conditionally)  was  at  once 
ordered,  and  now,  at  this  date,  within  tixe  past  ten  days,  some  three  car- 
goes have  been  delivered  and  the  work  for  closing  this  gap  has  been  vig- 
orously commenced,  and  it  is  expected  that  this  wall,  with  all  the  work 
remaining  to  completely  protect  the  north  head,  with  two  or  three  jetties 
at  the  angles — ^in  fact,  aJl  that  now  appears  to  me  to  be  necessary  for  the 
protection  of  the  island — will  be  completed  by  the  close  of  the  working 
season,  and  no  further  funds  are  at  present  thought  necessary. 

The  work  of  the  fiscal  year  (executed  last  autumn)  comprised  the  set- 
ting of  the  heavy  "shells''  stone  paving  in  rear  for  about  seven  hundred 
running  feet,  including  the  whole  of  the  main  most  exposed  portion  of 
the  east  face  of  the  north  head,  the  filling  in  rear  with  earth  of  about 
four  hundred  running  feet,  from  the  northeast  angle  to  the  west  and 
northwest  parts,  and  the  placing  of  the  greater  part  of  this  earth  filling 
at  the  back  of  the  last  northwest  face,  (of  about  one  hundred  and  fifty 
running  feet,)  the  covering  of  nearly  all  the  completed  earth  filling  with 
small  boulders  as  a  temporary  protection  against  the  dash  of  the  sea, 
and  the  construction  of  a  strong  stone  pile  jetty,  sunk  one-half  in  the 
clay  and  surrounded  with  a  good  base  or  offset  of  concrete,  to  protect 
the  west  comer  of  the  wall  of  south  head,  and  a  dry  wall,  some  six  feet 
high,  was  placed  to  give  temporary  protection  to  the  bank  of  drift  between 
the  walls  of  the  two  heads. 

The  following  is  the  statement  of  the  fiinds  available  and  expended 
during  the  year  ending  June  30, 1869,  for  Great  Brewster  Island: 

On  hand  July  1, 1868,  from  direct  appropriation $547  S5 

Received  during  the  year  from  appropriation  for  "  repair, 
preservation,  extension,  and  completion  of  certain  public 

works  on  rivers  and  harbors'' 10, 000  00 

Allotted  from  appropriation  for  "improvement  of  rivers  and 
harbors" 25, 000  00 

35, 547  85 
Expended  during  the  year 8, 625  87 

Eemaining  available  July  1, 1869 26, 921  98 

I  am,  general,  very  respectfully,  your  most  obedient, 

H.  W.  BENHAM, 

Brevet  Major  GeneraL 
Maj.  Gen.  A.  A.  Humpkeeys, 

Chief  of  Engineers, 
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Boston,  Mass.,  August  23,  1869. 

General:  I  have  the  honor  to  make  the  following  report  of  opera- 
tions on  the  sea  walls  of  Deer  Island  and  Lovell's  Island,  for  the  year 
ending  June  30, 1869. 

For  the  wall  on  Deer  Island,  my  last  previous  report  had  given  the 
amount  of  wall  rebuilt  up  to  the  close  of  the  fiscal  year,  to  wit:  about 
420  feet  of  wall  (the  whole)  at  the  south  head,  540  running  feet,  all  im- 
mediately requirmg  repairs  upon  the  middle  head,  and  206  linear  feet 
on  the  north  head,  being  the  commencement  of  work  as  reported,  under 
a  contract] for  rebuilding  all  that  was  necessary  on  this  north  head; 
the  whole  amount  of  waU  thus  rebuilt  being  1,166  running  feet  since  I 
had  charge  of  the  works. 

This  contract,  as  stated  in  that  report,  required  the  completion  of  the 
work  on  the  north  head  during  that,  the  last  working  season.  But  my 
fears  of  delay  sls  there  stated  were  realized  by  the  operations  being  pro- 
tracted into  the  present  season.  Nearly  600  running  feet  of  wall,  how- 
ever, including  the  backing  with  concrete  of  about  fifty  feet  of  a  former 
repair,  were  rebuilt  during  the  season,  after  the  commencement  of  the 
fiscal  year,  which  connected  the  work  with  the  principal  repair  (of  250 
feet  in  length)  made  by  Colonel  Graham  in  1865. 

In  May  of  this  year  the  work  was  commenced  by  the  contractor  at 
the  north  end  of  the  part  repaired  by  Colonel  Graham,  and  by  the  close 
of  the  fiscal  year  about  380  running  feet  of  wall  were  rebuilt  and  nearly 
completed  as  to  the  backing  and  paving  in  rear,  being  nearly  all  that 
the  funds  on  hand  would  permit;  much  additional  contingent  expense 
having  been  incurred  by  the  delay  of  the  works  into  the  present  season. 

At  the  date  of  this  report  this  wall  is  essentially  completed,  as  far  as 
the  funds  allow,  and  two  stone  pile  jetties  have  been  placed  to  protect 
the  foundations,  one  near  the  middle  of  the  waU  of  the  north  head,  and 
the  other  near  tne  center  of  the  main  face  of  the  wall  of  the  middle  nead. 
The  whole  amount  of  sea  wall  rebuilt  on  the  north  head  by  the  con- 
tractor is  about  1,200  running  feet,  while,  in  addition,  a  concrete  backing 
to  about  50  feet  has  been  added  to  a  former  repair. 

Had  the  ^nds  sufficed,  I  should  have  judged  it  to  be  expedient  to 
rebuild,  perhaps,  some  250  feet  more  of  this  wall,  and  to  re-enforce  or 
back  with  concrete  the  250  feet  of  the  repairs  of  1865,  which  I  doubt 
not  will  be  needed  for  its  security.  And  although  there  are  not  at  this 
time  any  very  defective  places  or  parts  requiring  immediate  repair,  I 
should  judge  that  a  farther  sum  of  f  8,000  would  be- advantageously  ex- 
pended in  giving  other  parts  of  the  old  wall  of  this  north  head  the 
strength  and  security  from  future  injury  of  the  parts  now  rebuilt. 

And  as  to  the  walls  on  Lovell's  Island,  in  my  last  annual  report  it 
was  stated  that  contracts  had  then  recently  been  made  for  some 
repairs  to  be  given  to  the  wall  of  the  north  head,  and  for  the  construc- 
tion of  a  new  wall  of  about  800  running  feet  to  protect  the  southeast 
bluff,  the  stone  for  which,  by  a  contract  of  the  previous  year,  1867,  had 
mostly  been  delivered  and  was  near  the  site  of  the  wall. 

This  wall  of  the  southeast  bluff  is  in  a  less  exposed  situation  than 
that  of  the  north  head,  though  one  more  open  to  the  sea  than  any  other 
as  near  the  main  channel,  except  at  Long  Island  head.  I  had  planned 
for  the  minimum  of  material  and  expense  that  I  thought  possible  to 
use,  and  it  has  been  planned  and  built  with  about  twen^-flve  per  cent, 
less  of  cross-section  and  height  than  that  model  and  successful  work  of 
General  Thayer,  built  some  thirty-five  years  ago,  at  the  north  head  of 
this  island.    This  wall  was  arranged  to  protect  the        about  800  feet 
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the  length  of  the  blnff  with  a  middle  face  of  250  feet,  and  one  of  200 
running  feet  at  each  end  of  this  thrown  back  to  the  shore  abont  three 
degrees,  with  wing  walls  of  some  50  to  60  feet,  at  angles  of  forty-five  de- 
grees to  the  banks  at  the  outer  extremities  of  these  last  faces.  The  wsdl 
was  laid  about  three  feet  in  the  clay  below,  and  some  10  to  20  feet  without 
the  high  water-line;  the  foundation  having  two  feet  rise,  by  6  feet  6 
inches  width,  and  the  wall  above  of  four  courses,  8  feet  of  stone  facing 
with  concrete  backing,  5  feet  six  inches  in  width,  the  three  lower  courses 
being  of  headers  and  stretchers  with  cut  dovetailed  joints,  bed  and 
builds,  and  the  coping  of  four  feet  in  width  by  two  feet  in  height,  with 
indented  joints;  that  is,  alternately  of  double  dovetailed  headers,  and  of 
lozenge,  or  rather  truncated  lozenge-shaped  stone  binding  the  whole 
course  together  against  the  displacement  of  any  single  stone.  This 
device  had  occurred  te  me  many  years  ago,  though  I  have  not  tried  it 
previously,  and  the  wall  and  coping  after  being  well  backed  up  with 
earth  was  paved  in  the  rear,  for  some  15  feet  in  width,  with  good-sized  boul- 
ders, as  the  least  expensive  protection ;  and  the  four  angles  of  the  face 
of  the  main  wall  were  protected  with  stone  pile  jetties  6  to  8  feet  wide^ 
projecting  obliquely  about  25  to  27  feet  outward.  The  piles  of  6  to  8 
feet  height  are  sunk  one-half  in  the  clay  of  the  sloping  shore,  and  have 
a  base  or  offset  of  concrete  in  this  clay,  2^  to  3  feet  in  cross-sections  on 
both  sides  and  at  the  end. 

This  wall  was  commenced,  as  agreed  upon,  in  July  of  last  year,  and 
steadily  carried  on  to  ite  completion,  as  above  described,  by  the  month 
of  December,  and  I  have  the  pleasure  of  reporting  it,  after  a  recent  ex- 
amination, as  answering  the  purpose  desired  in  the  most  satisfactoiy 
manner  possible.  It  is,  in  fact,  more  perfect  now — ^more  consolidated 
in  rear  and  more  filled  up  by  shingle  in  front  even  to  half  ite  height — 
than  the  day  it  was  finished,  while  it  appears  to  be  of  ample  height  to 
give  all  the  protection  required. 

From  the  early  closing  of  the  last  autumn  season,  the  required  repairs 
were  not  given  to  the  wall  of  the  north  head ;  but  in  May  of  this  year, 
these  were  essentially  completed  by  the  placing  of  two  stone  pile  jetties 
(of  the  character  of  those  placed  at  the  angles  of  the  new  wall  of  the 
southeast  bluff)  upon  the  most  exposed  and  most  injured  portions  ci 
this  north  head  wall,  at  ite  convex  part,  near  the  east  end,  one  jetty 
being  placed  about  100  feet  from  the  east  extremity  of  the  wall,  and  ^e 
other  about  125  feet  further  to  the  west.  The  foundation  of  the  wall 
between  the  jetties,  and  on  either  side  for  some  4^  feet,  or  for  150  feet 
altogether,  was  secured  by  an  apron  facing  of  upright  stone  piles,  sunk 
some  3  feet  in  the  clay,  with  an  outeide  protection  of  concrete  2^  feet 
wide  and  deep,  the  piles  rising  to  the  first  or  second  courses  of  the 
stone  facing  of  the  main  wall. 

Some  further  repairs  would  have  been  given  to  the  jetty  at  the  west 
end  of  the  north  head  wall  had  the  necessary  stone  been  on  hand,  and 
the  funds  available.  But  in  the  want  of  this,  and  the  necessary  pro- 
tection having  been  given  to  the  parte  most  injured  on  the  wall  of  this 
head,  the  work  was  closed  by  June  of  this  year. 

The  following  is  the  stetement  of  funds  available  and  expended  dur- 
ing the  year  ending  June  30, 1869,  for  both  works: 

On  hand  July  1, 1868,  from  direct  appropriation $2, 515  30 

On  hand  July  1, 1868,  from  appropriation  for  "improving 
harbor  at  Boston'' 6, 000  00 

7, 515  30 
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Beceived  from  United  States  treasury  during  the  year,  from 
appropriation  for  "improving  harbor  at  Boston'^ $43, 000  00 

50, 515  30 
Expended  during  the  year 43, 245  16 

Bemaining  available  July  1, 1869,  in  sub-treasury 7, 270  14 

I  am,  sir,  very  respectfully,  your  most  obedient, 

H.  W.  BBNHAM, 

Brevet  Major  General. 
Maj.  Gen.  A.  A.  Humpheeys, 

Chief  of  Engineers. 


Ctjstom-Housb,  Boston, 
Collector's  Office^  August  24, 1869. 

Sm:  I  am  in  receipt  of  your  communication  of  the  20th  instant,  and 
in  answer  to  your  inquiries  would  state  as  follows: 

1.  The  amount  of  revenue  collected  at  this  port  during  the  year  end- 
ing June  30, 1869,  was  $18,076,566  97. 

2.  The  number  and  tonnage  of  vessels  which  entered  at  this  port  dar- 
ing the  year  ending  June  30, 1869,  are— 

In  the  foreign  trade,  number 3, 496 

Coastwise,  number 1, 506 

5,001 

In  the  foreign  trade,  tons 777, 159 

Coastwise,  tons '. • 1, 106, 986 

1, 884, 145 

The  ^'coastwise"  does  not  include  vessels  in  the  coastwise  trade  sail- 
ing under  a  license.  Of  these  there  are  about  300,  making  several  trips 
during  the  year. 

The  number  of  tons  registered,  enrolled  and  licensed  vessels,  for  the 
year  ending  June  30, 1869,  was  about  three  hundred  and  forty  thousand 
tons,  new  measurement. 

It  is  safe  to  say,  that  daring  the  past  year  fourteen  thousand  vessels 
arrived  and  sailed  from  Boston  Harbor.  Their  capacity  may  be  esti- 
mated as  at  least  two  millions  of  tons.  All  these  are  benefited  by  the 
improvements  in  and  about  Boston  Harbor. 

Very  respectfiilly,  your  obedient  servant, 

THOMAS  EUSSELL,  Collector. 


Appendix  U. 


L — Report  on  the  8a4X)  River  improvements,  for  the  year  ending  June  30, 
1869,  by  Brevet  Brigadier  General  Qeorge  Thom^  lieutenant  colonel  of 
engir^ers. 

The  plan,  which  has  received  the  approval  of  the  department,  for  the 
improvement  of  Saco  Eiver,  consists  in  the  rebuilding  of  some  of  the 
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most  important  piers  in  tbe  river,  the  removal  of  sunken  rocks  near 
^'Little  Islands,''  and  tiie  construction  of  a  breakwater  near  the  moath 
of  the  river. 

The  appropriations  and  allotments  made  for  these  works  np  to  the  30th 
of  June,  1869,  are  as  follows,  viz : 

1.  Appropriation  by  act  of  Congress,  approved  June  23, 

1866 $40, 000  00 

2.  Appropriation  by  act  of  Congress,  approved  March  2, 

1867 40, 000  00 

3.  Amount  allotted  by  department,  September,  1868,  from 
the  appropriation  "for  the  repair,  preservation,  extension, 
and  completion  of  certain  public  works  on  rivers  and  har- 
bors," approved  July  25, 1868 20, 000  00 

4.  Amount  allotted  by  department  in  May,  1869,  from  the 
appropriation  "for  the  improvement  of  rivers  and  har- 
bors," approved  April  10, 1869 22, 500  00 

Total '. 122,500  00 


The  work  done  under  the  first  two  appropriations,  (viz.,  $80,000,)  up  to 
the  close  of  the  fiscal  year  ending  June  30, 1868,  is  as  follows :  An  ac- 
curate hydrographic  survey  made  of  the  river,  from  Saco  down,  to  include 
the  islands  in  the  ocean  off  the  mouth  of  the  river ;  a  removal  of  a  greater 
portion  of  the  sunken  rocks  from  the  channel  near  "Little  Islands;''  and 
the  partial  construction  of  the  breakwater,  extending  from  the  month  of 
the  river  out  as  far  as  the  "beacon,"  (on  the  old  outer  pier,)  being  a  dis- 
tance of  2,550  feet. 

The  stone  for  this  breakwater  was  obtained  under  a  contract  made 
with  Messrs.  James  M.  Deering  and  John  W.  Deering,  of  Saco,  Maine, 
for  furnishing  50,000  tons,  more  or  less,  of  stone,  deposited  in  the  work 
for  $1  81  per  ton  of  2,240  pounds ;  and,  at  the  close  of  the  iiscal  year 
ending  June  30, 1868,  the  contractors  had  furnished  39,270  tons  under 
their  contract.  On  the  3d  of  July,  1868,  (in  the  present  fiscal  year,)  a 
total  of  40,223  tons  had  been  delivered,  when  operations  on  this  work 
were  suspended  for  want  of  funds. 

On  the  10th  of  July,  1868^8,  contract  was  made  with  Mr.  Reuben 
Wiley,  jr.,  of  Seabrook,  New  Hampshire,  in  acceptance  of  his  bid  for  re- 
moving still  another  [and  the  only  remaining  sunken  rock  in  the  chan- 
nel near  "Little  Islands,"  which  was  satisfactorily  completed  on  the  1st 
of  August,  at  a  cost  of  two  hundred  dollars. 

On  being  advised  (in  September,  1868)  of  the  allotment  to  this  work  of 
$20,000,  out  of  the  appropriation  for  "the  repairs,  preservation,  exten- 
sion, and  completion  of  certain  river  and  harbor  works,"  operations  were 
at  once  resumed  under  the  contract  with  Messsrs.  Deering,  and  applied 
to  the  partial  completion  of  that  portion  of  the  work  already  in  progress, 
as  well  as  to  its  necessary  extension  out  to  the  "spit"  beyond  the  old 
outer  pier,  for  a  distance  of  1,450  feet  beyond  the  "beacon,"  (at  the  inner 
end  of  this  pier,)  making  a  total  distance  of  4,000  feet  from  the  shore. 

On  the  28th  of  October,  1868,  the  contractors  completed  their  contract., 
having  furnished  up  to  that  period  51,223^|^  tons  of  stone  for  the  work, 
whereby  the  additional  amount  of  $20,000  allotted  to  the  work  was  ex- 
hausted.* 

*It  is  due  to  the  contractors,  Messrs.  James  M.  Deering  and  John  W.  Deering,  to  8tBt« 
that  this  contract  was  performed  in  a  very  expeditioas,  satisfactory,  and  creditable 
manner  throughout. 


BEPOBT   OF  CHIEF  OF  ENGINEEBS.  445 

The  progress  made  in  the  improvement  of  the  river,  at  the  close  of  the 
fiscal  year  ending  Jnne  30, 1869,  coDsists,  therefore,  in  the  removal  of 
all  the  sunken  rocks  from  the  channel  near  '^Little  Islands,"  which  rocks 
were  the  greatest  and  most  dangerous  obstructions  to  its  navigation ; 
and  in  building  a  breakwater  at  the  mouth  of  the  river.  This  break- 
water has  been  carried  (in  partial  completion)  from  its  shore  end  out  to 
the  "beacon,"  (on  the  inner  end  of  the  old  outer  pier,)  being  a  distance 
of  2,250  feet,  and  up  to  a  general  level  of  nine  feet  above  mean  low  water, 
(being  about  mean  high  water,)  with  an  average  thickness  of  about 
twenty  feet. 

From  the  "beacon,"  it  has  been  extended  outward  to  the  "spit,"  for 
a  distance  of  1,450  feet,  making  its  total  length  4,000  feet.  This  portion 
outside  the  "beacon"  forms  but  the  "core"  of  the  proposed  work,  and 
is  barely  sufficient  to  divert  the  channel  as  required,  or  to  withstand  the 
violent  storms  to  which  it  is  exx>osed. 

This  work,  in  its  present  unfinished  condition,  has  accomplished  all 
that  was  expected  from  it.  It  has  closed  the  old  channel,  (as  was 
intended,)  and  formed  a  new  one,  (as  was  expected,)  much  more  uniform 
and  direct  along  the  inside  of  the  breakwater,  and  as  far  out  as  it  extends, 
and  it  is  apparently  rapidly  improving  beyond  that  point;  so  that 
vessels  now  enter  through  the  new  channel  in  a  much  more  direct  course 
and  drawing  more  water  by  about  two  feet  than  was  before  practicable. 

The  allotment  of  $22,500  made  in  May,  1869,  for  the  improvement 
of  Saco  Biver,  it  is  proposed  to  apply,  so  far  as  it  goes,  toward  the 
completion  and  extension  of  the  present  breakwater^  and  proposals  have 
been  invited  until  the  22d  of  July  for  furnishing  the  stone  required  for 
the  work.*  The  amount  allotted  to  it  will  probably  be  expended  before 
the  1st  of  November  next.  But  in  order  to  fully  realize  the  benefits  to  be 
derived  from  the  completion  of  this  important  work,  and  make  it 
effectual  in  opening  a  direct,  uniform  and  permanent  channel  out  to 
deep  water,  it  will  have  to  be  still  further  increased  in  height,  thickness, 
and  length ;  for  which  purpose  there  will  be  required,  as  per  previous 
estimates,  (exclusive  of  the  estimate  for  capping,)  the  sum  of  $40,000, 
and  for  rebuilding  the  old  piers  in  the  river  the  additional  sum  of  (see 
estimates  in  previous  annual  reports)  $19,200,  making  a  total  (exclusive 
of  estimate  for  capping)  of  $59,200,  or  say  $60,000,  which  amount  can  be 
profitably  expended  during  the  next  fiscal  year. 

Amount  of  appropriations  available  June  30, 1868 $4, 132  48 

Amount  received  by  allotment  in  September,  1868 20, 000  00 

Amount  received  by  allotment  in  May,  1869 ^      22, 500  00 

Total 46,632  48 

Amount  expended  during  the  fiscal  year  ending  June  30, 

1869 23,997  06 

Amount  available  June  30, 1869 22, 635  42 


The  works  for  the  improvement  of  Saco  Biver  are  located  in  the  col* 
lection  district  of  Saco,  near  the  ports  of  Saco  and  Biddeford,  Maine. 
The  nearest  light-house  is  on  Wood  Island,  opposite  the  mouth  of 

*  A  contract  for  this  'vrork  -was  made  on  the  23d  of  July  with  Mr.  Isaac  Hamilton,  of 
Cumberland,  Maine,  under  which  operations  were  commenced  the  first  of  Angnst,  and 
on  the  loth  of  September,  1869,  8,6d8i4l{f  tons  of  stone  were  delivered  npon  the  break- 
water by  him,  making  a  total  of  59,9S£h  tons  delivered  upon  the  work  np  to  that  date. 


446 


BEPOBT  OF  CHIEF  OF  ENGINEERS. 


Saco  Biver ;  and  the  nearest  forts  are  those  in  Portland  Harbor,  about 
fifteen  miles  distant. 

The  amount  of  revenue  collected  at  Saco^  (the  port  of  entry,)  as  fur- 
nished by  the  collector,  was,  for  the  fiscal  year  ending  June  30, 1869, 
$1,158  87.  This  port  is  the  entry  for  the  supplies  of  a  population  of 
about  thirty  thousand,  including  the  back  districts,  and  is  the  natural 
shipping  port  for  the  timber  interests  of  nearly  the  whole  of  York  (bounty, 
except  some  towns  in  the  extreme  western  part,  which  lie  near  Ports- 
mouth, New  Hampshire. 

At  the  inner  harbor,  which  is  inside  the  "bar,'^  the  arrivals  have 
amounted  in  one  year  to  about  forty  coal  vessels,  and  from  one  hundred 
and  fifty  to  two  hundred  vessels  engaged  in  the  coasting  trade,  bringing 
general  merchandise  for  Saco,  Biddeford,  and  the  back  country,  and 
carrying  out  timber,  ice,  &c.,  exclusive  of  what  is  transported  by  rail- 
road. This  trade  will,  doubtless,  be  very  largely  increased  by  the  proposed 
improvements  in  the  navigation  of  the  river. 

The  improvements  already  made  and  now  in  progress  may  be  regarded 
as  permanent,  and  such  as,  after  completion,  will  not  require  further  ex- 
penditure. 

The  papers,  described  as  follows,  are  hereto  appended,  viz : 

1.  Abstract  of  bids  received,  with  names  of  bidders. 

2.  Abstract  of  contracts,  with  names  of  contractors. 

GEO.  THOM, 
Lieut  GoL  of  Engineern^  Bvt.  Brig.  Oen,  U,  8.  A. 

United  States  Engineer  Office, 

Portland^  Maine^  July  1, 1869. 


Ahitract  of  bids  r«ieivedfar  the  improvement  of  Saoo  Rivery  Maine, 


Katare  of  work. 

Name  of  bidder. 

Amoimt  bid  for. 

Pxioe. 

For  remoying  simkenrock 

Beabra  Wiley,  Seabrook, 

If.  H. 

Whole  work. 

I900W 

GEO.  THOM, 

Lieut  Col.  of  UngineerSy  Bvt  Brig.  Oen.  U.  8.  A, 

Ahsiract  of  contracts  madefbr  ike  im^ovement  of  Saoo  River,  Maine. 


Katare  of  work. 

Name  of  contractor. 

Quantity. 

Price. 

For removinff  *Uf»ken  TOOk r r. 

Renben  Wiley,  Scabrook, 
N.H. 

1800(10 

GEO.  THOM, 

Lieut  Col.  of  Engineers^  Bvt  Brig.  Oen.  U.  8.  A, 


II. — Report  on  the  extension  of  the  breaJcwater  and  otherwise  improving  tt^ 
harbor  at  Portland^  Maine^  for  the  year  ending  June  30, 1869,  by  Brmi 
Brigadier  General  George  ThoMj  lieutenant  colonel  Corps  of  Engineers. 

By  an  act  of  Congress  approred  June  23, 1866,  an  appropriation  was 
made  "for  extending  the  breakwater  at  Portland  Harbor  Maine,' 
amounting  to  $105,111  05.    This  work  consisted  in  the  completion  of 
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the  capping  of  733J  running  feet  of  the  unfinished  portion  of  the  work, 
and  its  extension  in  such  a  manner  as  might  be  determined  on  by  the 
department. 

Preparatory  to  deciding  on  any  plan  for  its  extension,  a  complete  and 
aecurate  resurvey  of  the  harbor  has  been  made,  together  with  a  full 
series  of  tidal  and  current  observations,  at  such  points  in  the  harbor  as 
might  be  found  useful  in  arriving  at  proper  conclusions. 

Operations  on  the  breakwater  have,  therefore,  been  hitherto  confined 
to  the  unfinished  capping,  which  was  completed  on  the  20th  of  August, 
1868,  under  three  separate  contracts*  made  as  follows:  Ist,  August  9, 
1867,  with  Messrs.  Pierce  &  Eowe,  of  Frankfort  Mills,  Maine,  for  "ftir- 
nishing  the  stone,"  at  $24  45  per  running  foot  of  the  breakwater j  2d, 
August  6, 1867,  with  Mr.  George  P.  Wescott,  of  Portland,  Maine,  for  "per- 
forming the  labor,"  at  $11  per  running  foot  of  breakwater;  3d,  August 
6,  1867,  with  Messrs.  Charles  Staple  &  Sons,  of  Portland,  Maine,  for 
furnishing  composition  bolts,  at  39  cents  per  pound. 

By  a  joint  resolution  of  Congress  approved  June  5,  1868,  it  was 
resolved  "that  so  much  of  the  unexpended  balance  of  the  appropriation 
for  the  breakwater  in  Portland  Harbor,  Maine,  as  the  Chief  Engineer 
shall  deem  proper,  may  be  expended  under  his  direction  in  excavating 
the  'middle  ground'  near  said  breakwater,  and  in  otherwise  protecting 
the  channel  from  injury,  by  filling  and  Improving  the  same."  Under 
instructions  from  the  department,  in  furtherance  of  the  joint  resolution 
referred  to,  proposals  were  invited  on  the  6th  of  July,  1868,  for  dredging 
near  the  "middle  ground,"  and  four  bids  were  received,  ranging  from  34 
to  50  cents  per  cubic  yard.  Messrs.  A.  B.  Cooley  &  Co.,  of  Philadelphia, 
Pennsylvania,  were  the  lowest  bidders  for  the  work,  at  34  cent«  per  cubic 
yard,  and  accordingly  a  contract,  dated  July  23, 1868,  was  made  with  them 
and  approved  by  the  department,  for  completing  the  work  not  later  than 
30th  of  Kovember,  1868.  They  commenced  ox)erations  on  the  13th  of 
August,  and  after  excavating  4,370  cubic  yards,  abandoned  their  con- 
tract. 

As  instracted  by  the  department,  I  again  on  the  8th  of  October,  and 
afterward  on  the  13th  of  October,  invited  proposals  for  "dredging  the 
bar  near  the  middle  ground"  and  for  "dredging  the  spit  opposite  the 
Grand  Trunk  wharves,  above  and  near  the  middle  ground."  All  the 
proposals  for  the  "middle  ground  bar,"  being  unreasonably  high,  were 
rej(K5ted ;  in  consequence  of  which  the  work  had  to  be  deferred  until  a 
more  favorable  timetfor  such  operations,  in  the  spring. 

A  contract  was  made,  with  the  approval  of  the  department,  on  the  21st 
of  December,  1868,  with  Mr.  Augustus  B.  Wright,  of  Hallowell,  Maine, 
(Mr.  Boschke,  who  was  the  lowest  bidder  for  the  work,  having  declined 
entering  into  a  contract  therefor,)  for  dredging  the  "spit"  opposite  the 
Grand  Trunk  wharves,  at  60  cents  per  cnbiQ  yard. 

The  work  was  completed  on  the  13th  of  May,  1869,  thus  affording  a 
channel  of  100  feet  in  width  at  its  inner  end,  opening  out  to  about  ^K) 
feet  at  its  outer  end,  and  20  feet  iu  depth,  at  mean  low  water,  through 
the  "  spit"  up  to  the  wharves  of  the  English  steamers. 

Under  instructions  from  the  department,  dated  the  3d  of  April,  1869,  pro- 
posals were  again  invited,  on  the  7th  of  April,  and  afberw^  on  the  5tlx 
of  May,  1869,  for  "dred^ng  the  bar  near  the  middle  ground;"  making 
iu  all  five  series,  of  24  bids,  received  for  this  work,  firom  various  parties 
in  New  England,  New  York,  and  Pennsylvania,  at  prices  ranging  from 
34  cents  to  $1  12  per  cubic  yard,  as  will  be  seen  by  the  accompanying 

*  The  abstracts  of  tiiese  bids  and  contracts  accompany  the  annoal  report  for  year 
ending  Jane  30, 1868. 
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^^  abstract  of  bids.''  Of  the  last  series  of  bids  received,  tbat  of  Messrs. 
Morris  &  Oumings,  of  ISew  York  City,  was  the  lowest,  at  56  cents  per 
cabic  yard,  and  a  contract  was  accordingly  made,  on  the  2Ist  of  May, 
1809,  with  them  for  completing  the  work  on  or  beiore  the  1st  of  Novem- 
ber next.* 

The  channel  through  the  ^^  middle  groond  bar"  is  to  have  a  depth  of 
20  feet  at  mean  low  wat^,  or  29  feet  at  mean  high  water,  with  an  aver- 
age width  of  not  less  than  200  feet,  and  will  probably  be  completed  in 
the  time  required  by  the  contract. 

The  available  balance  of  the  appropriation  on  the  30th  of 
June,  1868,  was $79, 397  87 

Amount  expended  during  the  &Bcal  year  ending  June  30, 

1869 , 14, 906  05 

Amount  available  July  1, 1869 64, 491  82 

which  amount  can  be  profitably  expended  upon  the  opening  of  the  chan- 
nel through  the  '^middle  ground  bar." 

Additional  amount  required  for  the  proposed  extension  of  the  break- 
water, as  heretofore  estimated  for,  $40,000;  which  amountcan  be  profitably- 
expended  upon  the  work  during  the  fiscal  year  ending  June  30, 1871. 

The  following  information,  called  for  by  the  acts  of  Congress  maldn^ 
appropriations  for  this  work,  is  supphed,  viz: 

These  works  of  improvement  are  situated  in  Portland  Harbor,  Maine. 

There  is  a  lighthouse  on  the  outer  extremity  of  the  present  break- 
water, and  another  at  the  outer  entrance  into  the  harbor  called  ^^  Portland 
Head  light,"  and  Forts  Gtorges,  Preble,  and  Scammell,  are  all  located  in 
this  harbor. 

The  amount  of  revenue  collected  at  this  x>ort  for  the  fiscal  year  ending 
June  30, 1869,  (as  stated  by  the  United  States  collector  of  customs,)  is 
as  follows,  viz: 

Duties  on  importation $959, 534  49 

Duties,  tonnage  and  hospital 19, 832  88 

Total 979, 367  37 


<<  A  large  part  of  the  commerce  of  this  port  consists  of  goods  entered 
here  for  transportation  and  exportation,  and  tl^  amount  of  duties 
assessed  on  goods  entered  at  this  port  for  the  last  fiscal  year  was 
$9,075,998  39. 

^'The  foregoing  statements  indicate  the  amount  of  foreign  commerce 
at  this  port,  and  show  that  it  is  veiy  large.  The  number  of  vessels 
^foreign  and  domestic)  enter^  the  last  fiscal  year  was  1,248 ;  the  number, 
in  the  harbor  of  the  port,  as  a  place  of  refuge  and  for  other  purposes, 
was  over  4,000. 

^^  With  the  opening  of  the  railroads,  the  construction  of  which  will 
begin  this  year,  the  commerce  of  this  port  will  undoubtedly  be  largely- 
increased.'' 

The  improvements  proposed  for  the  extension  of  the  breakwater,  when 
completed,  may  be  regarded  as  permanent. 

The  opening  of  the  channel  through  the  <^ middle  ground  bar"  may 
have  to  be  repeated  to  some  extent,  at  some  future  time,  but  when  and 
to  what  extent  cannot  now  be  foreseen. 

'Messrs.  Morris  &>  Cumings-eommenced  operations  on  the  6th  of  July^  and  on  the  3d 
of  September  had  excavated  30,000  cubic  yards  nnder  their  contract. 
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The  several  papers^  described  as  follows,  are  hereto  appended,  viz:    . 

1.  Gopies  of  advertisements  inviting  proposals  for  dredging,  (marked 
A,  B,  C,  D,  and  B.) 

2.  Abstract  of  proposals  for  same,  with  names  of  bidders,  (marked  F.) 

3.  Abstract  of  contracts  for  same,  with  names  of  contractors,  (marked 
G.) 

4.  Copy  of  instructions  fipom  the  Chief  of  Engineers  as  to  the  manner 
of  improving  the  harbor  by  dredging,  (marked  H.) 

GEO.  THOM, 
Lieut  Col.  of  UnffineerSj  Bvt  Brig,  Oen.  U,  8.  A. 

United  States  Engineer  Office, 

Portlandy  Maine^  July  1, 1869. 


A. — Proposals  for  dredging  in  Portland  Harbor,  Maine. 

Proposals  will  be  received  at  this  oflSce  until  3  o'clock  p.  m.  on  Monday, 
the  20th  instant,  for  dredging  sixty  thousand  cnbic  yards,  more  or  less, 
near  the  <^  Middle  Ground,"  so  as  to  obtain  a  depth  of  twenty  feet  at 
mean  low  water. 

The  work  must  be  commenced  as  soon  as  practicable  after  the  approval 
of  the  contract,  and  be  completed  not  later  than  the  30th  of  November 
next.  The  material  excavated  (which  borings  indicate  to  be  soft  mud) 
is  to  be  deposited  in  localities  not  exceeding  three  miles  in  distance  &om 
the  work,  to  be  designated  by  the  engineer  in  charge. 

Bidders  will  state  the  price  per  cubic  yard  of  excavatiop,  as  measured 
in  the  scows,  including  also  the  removal  of  the  matericd  to  the  localities 
designated. 

Payment-swill  be  made  monthly;  twenty  per  cent,  to  be  reserved  there- 
from, until  the  whole  work  is  satisfactorily  completed,  and  to  be  forfeited 
in  the  event  of  non-fulfillment  of  the  contract  in  the  time  and  manner 
required. 

The  undersigned  reserves  the  right  to|  reject  all  bids  which,  in  his 
opinion,  are  not  favorable  to  the  government;  also  the  bid  of  any  person 
who  there  is  reason  to  believe  wHl  not  faithfully  and  promptly  perform 
the  contract. 

Persons  desiring  to  make  proposals  are  requested  to  call  on  the 
undersigned,  at  his  office  in  Morton  Block,  on  Congress  street,  for 
forms  of  same,  and  for  more  definite  information  if  desired;  and  on 
transmitting  their  bids  will  indorse  thereon  ^'Proposals  for  dredging  in 
Portland  Harbor." 

GEO.  THOM, 
Brevet  Brigadier  General  U.  8,  A.  . 

United  States  Engineer  Office, 

Portland,  Maine,  July  6, 1868. 


B. — Proposals  for  dredgin^g  in  Portland  Harbor,  Maine. 

* 

The  contractors  for  this  work  having  foiled  to  comply  with  their  con- 
tract, proposals  will  again  be  received  at  this  office  until  3  o'clock  p.  m^ 
on  Monday,  the  19th  instant,  for  dredging  sixty  thousand  cubic  yards, 
more  or  less,  on  the  bar  near  the  ^^  Middle  Ground,"  in  this  harbor,  so  as 
to  obtain  a  depth  of  twenty  feet  at  mean  low  water. 

The  work  must  be  commenced  and  completed  at  the  earliest  period 
practicable.    The  material  to  be  excavated  is  to  be  dj^pQsited  in  sucli 
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localities  as  the  Baperintencliag  engineer  may  designate,  not  exceeding 
three  miles  in  distance  firom  the  work. 

Bidders  will  state  the  price  per  cubic  yard  of  excavation,  as  measnred 
in  the  scows,  inclading  also  the  removal  of  the  material  to  the  designated 
localities;  also,  the  time  in  which  they  will  complete  the  work,  as  tibJs 
will  give  a  preference  in  the  acceptance  of  bids,  it  being  important  thai 
the  work  should  be  done  as  soon  as  practicable. 

Separate  proposals  will  also  be  received  until  the  same  period  ftr 
dredging  five  thousand  cubic  yards,  more  or  less,  as  measurod  in  the 
scows,  to  the  depth  of  twenty  feet  at  mean  low  water  on  the  ^^Spit"  off 
the  Grand  Trunk  wharves,  above  and  near  the  <' Middle  Ground,"  the 
material  excavated  to  be  deposited  as  required  above,  and  the  work  to 
be  completed  not  later  than  the  15th  of  December  next. 

Payments  will  be  made  monthly;  twenty  per  cent  to  be  reserved 
therefrom  until  the  whole  work  is  satisfactorily  completed;  and  to  be 
forfeited  in  the  event  of  the  non-fulfillment  of  the  contract  in  the  time 
and  manner  required. 

The  undersigned  reserves  the  right  to  reject  all  bids  which^  in  lus 
opinion,  are  not  favorable  to  the  government;  also,  the  bid  of  smy  peraon 
who  there  is  reason  to  believe  will  not  faithfully  and  promptly  perform 
the  ccmtract. 

Persons  desiring  to  make  proposals  are  requested  to  call  on  the  under- 
signed at  his  office,  in  Morton  Block,  on  Congress  street,  for  forms  ci 
same  and  for  more  definite  information  as  to  the  locality,  depth,  and 
character  of  dredgiug;  and  on  transmitting  thar  bids  (which  mn 
required  to  be  in  duplicate)  they  will  please  indorse  thereon,  ^<  Proposals 
for  dredging  the  bar  near  the  Middle  Ground,"  or  tiie  ^^Spit  near  Hie 
Middle  Ground,"  as  the  case  may  be. 

GEO.  THOM, 
Brevet  Brigadier  General  U.  &  A, 

United  Statbs  Enginbbb  Office, 

Portland  J  Maine^  October  8, 1868. 


G. — Proposals  for  dredging  in  PortUmd  Harbor ,  Maine. 

Proposals  will  again  be  received  at  this  office  until  3  o'clock  p.  m.  on 
Monday,  the  9th  of  Kovember  next,  for  dredging  sixty  thousand  cobie 
yards,  more  or  less,  on  the  bar  near  the  ^'Middle  Ground,"  in  this  har- 
bor, so  as  to  obtain  a  depth  of  twenty  feet  at  mean  low  water. 

The  work  must  be  commenced  and  completed  at  the  earliest  poiod 
practicable.  The  material  to  be  excavated  is  to  be  deposited  in  sndi 
localities  as  the  superintending  engineer  may  designate,  not  exceeding 
three  miles  in  distance  &om  the  work. 

Bidders  will  state  the  price  per  cubic  yard  of  excavation,  as  measured 
in  the  scows,  including  also  the  removal  of  the  material  to  tne  designated 
localities;  also,  the  time  in  which  they  wiU  complete  the  work,  as  thin 
will  give  a  preference  iu  the  acceptance  of  bids,  it  being  important  that 
the  work  should  be  done  as  soon  as  practicable. 

Separate  proposals  will  also  be  received  until  3  o'clock  p.  m.  on  Iftnrs- 
day,  the  5th  of  Kovember,  for  dredging  five  thousand  cubic  yards,  more 
or  less,  as  measured  in  the  scows,  to  a  depth  not  exceeding  twenty  feet 
at  mean  low  water  on  the  ''Spit"  off  the  Grand  lYunk  wharves,  above 
and  near  the  ''  Middle  Ground,"  the  material  excavated  to  be  deposited 
as  required  above,  and  the  work  to  be  completed  not  later  than  ihe  15th 
«f  December  next. 
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Payments  will  be  made  monthly;  twenty  per  cent,  to  be  reserved 
therefirom  until  the  whole  work  is  satis&ctonly  completed;  and  to  be 
foiiiBited  in  the  event  of  the  non-fcdflllment  of  the  contract  in  the  time 
and  manner  required. 

The  nndersigned  reserves  the  right  to  reject  all  bids  which,  in  his 
opinion,  are  not  favorable  to  the  government;  also,  the  bid  of  any  per- 
son who  there  is  reason  to  believe  will  not  Mthfolly  and  promptly 
perform  the  contract. 

Persons  desiring  to  make  proposals  are  requested  to  call  on  the 
nndersigned  at  his  office,  in  Morton  Block,  on  Congress  street,  for  forms 
of  same  and  for  more  definite  information  as  to  locality,  depth,  and 
character  of  dredging;  and  on  transmitting  their  bids,  (which  are 
required  to  be  in  duplicate,)  they  will  please  indorse  thereon.  ^^  Proposals 
for  dredging  the  bar  near  the  Middle  Ground,"  or  the  ^^Spit  near  the 
Middle  Ground,''  as  the  case  may  be. 

GEO.  THOM, 
Brevet  Brigadier  Oenerdl  U.  8.  A. 

United  States  Bnoineeb  Office, 

PorOoflfid^  Maine,  October  31, 1868. 


D. — ProposaiUf&r  dredging  in  Portland  Harbor j  Maine, 

Proposals  will  be  received  at  this  office  until  3  o^dock  on  Monday, 
the  IMh  instant,  for  dredging  the  bar  near  the  ^^  Middle  Ground,"  in 
this  harbor,  so  as  to  obtain  a  depth,  at  mean  low  water^  of  nineteen  or 
twenty  feet,  as  may  be  hereafter  determined  by  the  engineer  in  charge. 
The  depth  of  excavation  will  not  exceed  three  feet  for  a  nineteen-foot 
channel,  and  the  amount  to  be  excavated  will  be  fifty  tiiousand  cubic 
yards,  more  or  less;  for  a  twenty-foot  channel  the  depth  of  excavation 
will  not  exceed  four  feet,  and  the  amount  to  be  excavated  will  be  seventy- 
five  thousand  cubic  yards,  more  or  less — ^the  amount  in  hoih  cases 
depending  upon  the  width  of  the  channel,  as  may  be  decided  on  to  be 
excavated. 

The  work  must  be  commenced  as  soon  as  practicable  after  the  approval 
of  the  contract,  and  be  completed  not  later  than  the  15th  day  of  Novem- 
bwnext. 

The  material  excavated  is  to  be  deposited  in  such  localities,  not 
exceeding  three  miles  in  distance  from  tlie  woik,  as  the  superintending 
engineer  may  designate. 

Bidders  will  please  state  the  price  per  cubic  yard  of  excavation,  as 
measured  in  the  scows,  including  also  the  removal  of  the  material  to  the 
localities  design{^;ed;  first,  for  a  channel  of  nineteen  feet  depth  at  mean 
low  water;  and  second,  for  a  channel  ci  twenty  feet  d^th  at  mean  low 
water. 

Payments  will  be  made  monthly;  twenty  per  cent,  will  be  reserved 
tibercdrom  until  the  whole  work  is  satisfactonly  completed,  and  be  for- 
feited in  the  event  of  the  non-fulfillment  of  the  contract  in  the  time  and 
manner  required. 

Hie  undersigned  reserves  the  right  to  reject  all  bids  which,  in  his 
opinion,  are  not  favorable  to  the  government;  also,  the  bid  of  any  per- 
son who,  there  is  reason  to  believe,  will  not  Huthfcdly  and  promptly 
perform  the  contract. 

Persons  desiring  to  make  proposals  are  requested  to  call  on  ihe  under- 
signed at  his  office,  in  Morton  Block^  on  Congress  street,  for  fonns  ^ 
same  and  for  more  d^lnite  information  as  to  the  locality,  depth,  and 
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character  of  dredging;  and  on  transmitting  their  bids  (which  are 
required  to  be  in  duplicate)  they  will  please  indorse  thereon,  ^^  Proposals 
for  dredging  the  bar  near  the  Middle  Ground.'' 

GEO.  THOM, 
Brevet  Brigadier  Oeneral  U.  8.  A. 

United  States  Encmneeb  Office, 

Partlandy  Maine^  Aprii,  7, 1869. 


E. — Proposals  for  dredging  in  Portland  Harbor j  Maine. 

Proposals  will  again  be  received  at  this  office  until  1.0  o'clock  a.  m.  <m 
Saturday,  the  15th  instant,  for  dredging  the  bar  near  the  ^'Middle 
Ground,"  in  this  harbor,  so  as  to  obtain  a  depth,  at  mean  low  water,  ot 
nineteen  or  twenty  feet,  as  may  be  hereafter  determined  on  by  the 
engineer  in  charge.  The  depth  of  excavation  will  not  exceed  three  feet, 
for  a  nineteen-foot  channel,  and  the  amount  to  be  excavated  will  be 
fifty  thousand  cubic  yards,  more  or  less;  for  a  twenty-foot  channel  the 
depth  of  excavation  will  not  exceed  four  feet,  and  the  amount  to  be 
excavated  will  be  seventy-five  thousand  cubic  yards,  more  or  less,  the 
amount  in  both  cases  depending  upon  the  width  of  the  channel,  aa  may 
be  decided  on,  to  be  excavated. 

The  work  must  be  commenced  as  soon  as  practicable  after  the  approval 
of  the  contract,  and  be  completed  not  later  than  the  15th  day  of  IN'o  vem- 
ber  next. 

The  material  excavated  is  to  be  deposited  in  such  localities,  not 
exceeding  three  miles  in  distance  from  the  work,  as  the  sui>erintendi]ig 
engineer  may  designate. 

Bidders  will  please  state  the  price  per  cubic  yard  of  excavation,  as 
measured  in  the  scows,  including  also  the  removal  of  the  material  to  the 
localities  designated ;  first,  for  a  channel  of  nineteen  feet  depth  at  mean 
low  water,  and  second,  for  a  channel  of  twenty  feet  depth  at  mean  low 
water. 

Payments  will  be  made  monthly;  twenty  per  cent  will  be  reserved 
therefrom  until  the  whole  work  is  satisfactorily  completed,  and  be  fw- 
feited  in  the  event  of  the  non-fulfillment  of  the  contract  in  the  time  and 
manner  required. 

The  undersigned  reserves  the  right  to  reject  all  bids  which,  in  his 
opinion,  are  not  favorable  to  the  government;  also,  the  bid  of  any  per- 
son who,  there  is  reason  to  believe,  will  not  &ithfully  and  promptly 
perform  the  contract. 

Persons  desiring  to  make  proposals  are  requested  to  call  on  the  under- 
signed at  his  office,  in  Morton  Block^  on  Congress  street,  for  forms  of 
same  and  tor  more  definite  information  as  to  the  locality,  depth  and 
character  of  dredging;  and  on  transmitting  their  bids  (which  aie 
required  to  be  in  duplicate)  they  will  please  indorse  thereon,  ^^  Proposals 
for  dredging  the  bar  near  the  Middle  Ground." 

GEO.  THOM, 
Brevet  Brigadier  Oerieral  U.  8.  A. 

United  States  Engineeb  Office, 

Portland^  Maine^  May  5, 1869. 

N.  B.— The  Portland  Daily  Press  is  the  only  newspaper  authorized  to 
publish  the  above  notice. 

GEO.  THOM,  B.  B.  O. 
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F. — Absttad  of  IHdi  received  far  eaelendki^f  ike  "breakwater,  PorUand  Harbor,  Maine,  applied 

to  dredging  in  Portland  Harbor, 
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.do 
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.do 
do 
.do 
.do 
.do 


Name  of  bidders. 


F1B8T  BBBm. 


A.  R  Cooley  &  Co.,  Phila- 
delphia, JPa. 
L.  D.  M.  Sweat  and  David 


Boyd,  Portland,  Me. 
A«  Bosohke,  Boston^  Man. 

James  T.  Hayden,  BidBdo, 
N.Y. 

flEOOMD  BBBm. 

AngnstoB  K.  Wright,  Ge- 
neva, N.  Y. 

AsahelCUrke,  Sandy  HiU, 
N.T. 

Templeton  A,  Payn,  Alba- 
ny. N.Y. 

Charles  S.  DeGraw,  Fnl- 
ton,  Oswego  Co.,  N.  Y. 

Augustus  K.  Wright,  Ge- 
neva, N.  Y. 

Charles  S.  DeGraw,  Ful- 
ton, Oswego  Co.,  N.  Y. 

THDU)  HBRIHfl. 

Albert  Bosohke,  Boston, 

Mass. 
Augustus  B.  Wright,  Hsl* 

loweU,  Me. 
Augustus  R  Wright,  Hal- 

loweU,  Me. 
James  T.  Hayden,  Buifido, 

N.Y. 
Asahel  Clark,  Sandy  Hill, 

N.Y. 


FOURTH 


Tem^eton  Sc  Payn,  Alba- 
N.  Y. 


Charles  8.  DeGnw,  Ful- 
ton, Oswego  Co.,  N.  Y. 


William    Bankln,    Char- 
lotte, Monroe  Os.,  N.  Y. 


Morris  d&  Cumings,  New 
York  City. 


John    Taggart,    Boston, 


Templeton  Sl  Payn,  Alba- 


ny. N.Y. 
iniam 


William  Bankln,  Char- 
lotte, Monroe  Co.,  N.  Y. 

Charles  S.  DeGraw,  Ful- 
ton, Oswego  Co.,  N.  Y. 

Bensden  B.  Dodge,  Ful- 
ton, Oswego  Co.,  N.  Y. 


Amount  bid  for. 


Price. 


60,000  cubic  yards, 

more  or  less. 
60,000  cubic  yards, 

more  or  less. 
60,000  cubic  yards, 

more  or  less. 
60,000  cubic  yards, 

more  or  less. 


60,000  cubic  yards, 

more  or  lesa 
60,000  cubic  yards, 

mure  or  less. 
60,000  cubic  yards, 

more  or  less. 
60,000  cubic  yards, 

more  or  less. 
5,000  cubic  yards, 

more  or  less. 
5,000  cubic  yards, 

more  or  less. 


5,000  cubic  yards, 

more  or  less. 
5,000  cubic  yards, 

more  or  less. 
60,000  cubic  yards, 

more  or  less. 
60,000  cubic  yards, 

more  or  less. 
60,000  cubic  yards, 

more  or  less. 


f  Channel  19  feet 

deep. 
Channel  90  feet 

deep. 
Channel  19  feet 

deep. 
Channel  90  feet 

deep, 
r  Channel  19  feet 

deep. 
Channel  90  feet 
deep. 


rProvided  50,000 
cubic  yards  are 
excavated. 
Provided  75,000 
cubic  yards,  or 
over,  are  exca- 
vated. 
•  Channel  19  feet .. 
' '  Channel  90  feet . . 
I'ChannellOfeet .. 
;  Channel 20 feet.. 
'  Channel  19  feet . . 
Channel  90  feet . . 
ChannellOfeet .. 
Channel  90  feet . . 
Channel  19  feet . . 
Channel  90  feet . . 


34  cents  per  cubic  yard. 
50  cents  per  cubic  yard. 
50  cents  per  cubic  yard. 
44  cents  per  cubic  yard. 

75  cents  per  cubic  yard. 
75  cents  per  cubic  yard. 
75  cents  per  cubic  yard. 
94  cents  per  cubic  jrard. 
75  cents  per  cubic  yard. 

94  cents  per  cubic  yard. 

55  cents  per  cubic  yard. 
60  cents  per  oubio  yard. 
65  cents  per  cubic  yard. 

69  cents  per  cubic  yard. 
75  cents  per  cubic  yard, 

75  eents  per  eubio  yard. 

70  cents  per  cubic  yard. 
85  cents  per  cubic  yard. 

95  cents  per  cubic  yard. 
|1  per  cubic  yard. 

|1  95  per  cubic  yard. 

58  cents  per  cubic  yard. 

56  cents  per  cubic  yard. 


67|  cents  per  cubic  yard. 
67|  cents  i)er  cubic  yard. 
75  cents  per  cubic  yard. 
70  cents  per  cubic  yard. 

84  cents  per  cubic  yard. 
$1  19  per  cubic  yard. 

85  cents  per  cubic  yard. 
95  cents  per  cubic  yard. 
99  cents  per  cubic  yard. 
$1  05  per  cubic  jara. 


GEO.  THOM, 
Lieut.  Col.  Engineers,  But.  Brig.  6en.  U.  8.  A. 
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0.~JMra0fe  0/  Mii*vioCt  mai^fi/t  ^IMging  tA  ForUamd  Hmrb&ry  Maim. 


i' 


Kattaxt  <d  work. 


ig  near  the 
Middle  Ground. 
Dredging  Spit  — 

Dredging  near  the 
Hliidle  Gnmnd. 


Hame  of  oontractori. 


A.  B.  Cooley  d&  Co.* 
Philadelplda.  Pa. 

Angaetoa  K.  Wright, 
SilloireU,  Me. 

Morrifl  Sl  Cumminga, 
"Sew  York  City. 


Quantity. 


Whole  work. 
Whole  work. 
Whole  work. 


Fzioe. 


34  cents  per  onhio  yard. 

60  cents  per  cubic  yard. 

58  cents  per  cnhlo  yard,  providedS^i 
cahio  yards  ore  excavated;  «  S 
cents  per  onbio  yard,  proTidedTM* 
enhie  yards  are  excavated. 


GEO.  THOM, 
Lieut.  Col.  IlngineerBj  Bvt  Brig.  Qen.  U.  8.  A, 


H. 

Office  of  the  Chief  of  ENarNEEBS, 

Washingtanj  D.  0.,  April  3, 1869. 

Genebal  :  Your  letter  of  March  27,  in  response  to  letter  from  Hus 
office  of  the  24th,  in  reference  to  the  improvement  of  the  harbor  of 
Portland  by  dredging,  has  been  received. 

As  to  Ithe  manlner  in  which  this  work  should  be  done,  viz.,  by  oob- 
tract,  or  Dy  purchase  of  machinery,  employing  hired  labor,  it  nas  been 
determined,  in  view  of  all  the  circumstances  attending  tMs  questkittf 
that  it  would  be  more  advantageous  to  have  the  dredging  done  by  001- 
tract,  provided  reasonable  prices  be  offered.  There  being  at  present  no 
appropriation  available  for  similar  works  of  improvement  within  yoor 
district,  the  whole  cost  of  the  necessary  machinery  and  apparatus  most 
be  paid  out  of  the  appropriation  for  Portland  Harbor,  and  sinpe  tiliA 
amount  of  the  appropriation  remaining  after  the  purchase  money  (ifidna* 
ing  the  right  to  use  the  machinery)  has  been  paid,  is  limited,  andtf 
there  is  not  much  prospect  of  any  money  being  appropriated  for  theft 
other  works,  it  is  the  opinion  of  the  Chief  of  Engineers  that  the  pubbc 
interest  will  be  best  subserved  by  advertising  anew  for  proposalSj  to 
open  a  channel  of  the  required  depth  through  the  <<  middle  ground' or 
bar. 

In  your  lett^  of  June  30, 1868,  you  submit  two  estimates  of  probaw 
cost  of  this  work,  for  a  channel  three  hundred  feet  wide,  one  wi4  • 
depth  of  nineteen  feet  at  mean  low  water,  and  the  other  of  twentjy  ft^ 
These  estimates  of  cost  w^re  based  upon  the  rate  of  forty  cents  per  cqdk 
yard. 

It  is  suggested,  on  account  of  the  increased  cost  per  yard,  that  n 
advertising  for  proposals  separate  bids  will  be  received  for  the  two 
depths,  nineteen  feet,  and  twenty  feet,  and  that  the  width  of  the  chan- 
nel is  to  be  determined  by  the  engineer  in  charge  as  the  workprogre^ 
to  be  not  less  than  one  hundred  and  sevmty  feet,  and  not  more  ti»D 
three  hundred  feet. 

By  command  of  Brigadier  General  STumphreys. 

Very  respectfully,  your  obedient  servant,  _. 

Jim.  G.  PABKfi, 
Maj.  of  ]Sngineer8y  JBvt  Mqj.  Oen.  V*  ^  ^ 

Bvt.  Brig.  Gen.  Geobge  Thom, 

!LieuU  Ool.  qf  Ungineersj  Pifr^ndj  Metine, 
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HI. — Bepori  (m  the  impraf>emen4  o/K^mebee  Biver^  between  8hepard?8  Peimt 
and  Augusta^  Mainej  far  ihe  year  ending  JtuMy  30,  1869,  hy  Brevei 
Brigadier  Oeneral  George  Tkem^  lieutenant  eolond  drrps  of  Engineers, 

The  plan  now  in  progress  for  the  improvement  of  the  navigation  of 
this  river  consists  in  straightening  and  deepening  its  diannel  by  dredg- 
ing  through  the  several  shoals,  and  the  removal  of  rodcs  which  obstmot 
it  between  Gardiner  and  Angosta,  Maine.  This  channel  was  completed 
on  the  29th  of  September,  through  Hallowell's  Shoal  and  Shepard's 
Point  Shoal,  having  a  width  on  its  bottom  of  seventy-five  feet  and  a 
depth  of  seven  feet  at  low  tide,  or  twelve  &et  at  high  tide,  in  the  lowesl 
atages  of  the  river. 

A  contract  was  made  witli  Mr.  Angastns  B.  Wright,  of  Geneva,  New 
York,  on  the  29th  of  January,  1868,  for  dredging  a  new  channel  in  th« 
river  through  Britt's  Shoal  and  Gage's  Shoal,  between  HalloweU  and 
Augusta,  Maine.  This  channel  is  to  be  seventy-five  feet  wide  on  its 
bottom,  with  a  depth  of  six  and  a  half  feet  at  low  tide  in  the  lowest  stage 
of  the  river.  Under  this  contract  twenty-two  thousand  and  thirty-nine 
cubic  yards  have  been  excavated  at  Britt's  Shoal,  leaving  about  twenty- 
three  thousand  cubic  yards  additional  to  be  done  for  its  completion. 
The  channel  through  Britf  s  Shoal  will  probably  be  completed  before  the 
1st  of  October,  1869,  and  that  through  Gage's  Shoal,  more  than  half 
completed  this  season,*  whereby  the  fands  will  become  exhausted  or 
nearly  so.  About  thirty  boulders  (many  of  them  weighing  from  three 
to  five  tons)  have  also  been  removed  from  the  river  at  Shepard's  Point, 
fiallowell  and  Britt's  Shoals. 

The  ai^ropriations  jidready  made  for  l^is  work  are  as  follows,  viz: 

By  act  of  Congress  approved  June  23, 1866 •20, 000  09 

By  act  of  Congress  approved  March  2, 1867 30, 000  ©• 

Total 50,000  00 

The  available  balance  of  these  appropriations  on  the  1st  of 
July,  1868,  was $36, 670  4S 

Amount  expended  during  the  fiscal  year  ending  June  30, 
1869,  (including  outstanding  liabilities.) !...      33,420  73 

Amount  available  July  1, 1869 3,149  7« 

Amount  allotted  to  this  worii  from  tiie  appropriation  for 
the  improvement  of  rivers  and  harbors  for  the  fiscal  year  - 
ending  June  30, 1870,  (approved  April  10, 1869.) 15, 000  M 

Total  amount  available  July  1, 1869 18,149  7S 

This  amount  will  be  sufficient  to  complete  the  channel  through  Britt's 
Shoal  and  partially  through  Gage's  Shoal  for  a  width  of  seventy-five 
feet.  But  in  order  to  render  this  channel  safely  navigable  for  the  large 
side-wheel  steamers  which  run  on  the  river  below,  it  is  very  important 
in  my  opinion,  that  its  width  be  increased  to  not  less  than  one  hundred 
feet.  To  effect  this  and  the  dredging  required  at  Hinkley's  Shoal, 
(between  Gardiner  and  HalloweU.)  together  with  the  completion  of  the 
channel  through  Gage's  Shoal,  will  require  an  additional  appropriation 

*  On  the  11th  of  September,  1869,  the  ehannel  thToui|rh  Britt'B  Shoal  was  nearly  com- 
pleted, and  5,590  cubic  yards  had  to  be  excavated  at  Gage's  ShoaL 
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of  $22,500  which  amount  can  be  profitably  expended  upon  the  ▼oa 
duriDg  the  fiscal  year  ending  Jane  30, 1871. 

The  character  of  the  bed  of  the  river  is  such  that  it  is  not  probaUe 
that  any  material  change  will  occur  to  the  detriment  of  its  channel  when 
once  properly  dredged. 

The  following  information  called  for  by  the  acts  of  Congress  makiiif 
appropriations  for  this  work  is  supplied,  viz:  The  works  of  improvement 
are  located  in  the  collection  district  of  Bath,  Maine. 

Bath  is  the  only  poi't  of  entry  in  this  collection  district,  and  is  situated 
on  the  right  bank  of  Kennebec  Biver,  about  thirty  miles  below  Hal- 
lowell.  Fort  Popham  is  at  the  mouth  of  Kennebec  Biver,  about  for^- 
five  miles  below  Augusta,  Seguin  and  Pond  Island  light-houses  an 
near  the  mouth  of  the  river.  The  United  States  Kenebec  Arsenal  is 
located  at  Augusta,  Maine.  The  amount  of  revenue  collected  at  BatL 
(the  port  of  entry,)  for  the  fiscal  year  ending  June  30, 1869,  is  $23,897  la 

From  statements  furnished  the  United  States  collector  of  custonu 
at  Bath,  it  appears  that,  during  the  year  ending  the  30th  of  June,  1869, 
the  number  of  vessels  of  all  classes,  including  steamboats,  &c.,  to  and 
ftom  Ga.rdiner,  is  estimated  as  follows,  viz: 

Number  of  arrivals  at  that  port,  (Gardiner) 650 

Kumber  of  departures  at  that  port,  (Gardiner) 650 

Total 1,300 


• 


That  of  this  estimated  number  probably  one  quarter  of  them  go  np  to 
Hallo  well  or  Augusta  to  discharge  and  receive  freight;  and,  if  ^e  d^tt 
of  the  river  would  admit  of  it,  a  much  larger  proportion  would  go  above 
there  than  now  go.  The  number  of  arrivals  the  ensuing  year  will  be 
very  much  larger,  owing  to  the  increase  of  the  ice  business  located 
between  this  place  and  Hallowell.  This  business  alone  this  year  wiS 
give  employment  to  over  three  hundred  vessels  of  large  carrying  cap* 
city,  to  freight  away  what  ice  was  stored  in  the  houses  at  Farmingdal^ 
and  Pittston,  last  winter,  and  quite  a  large  portion  of  this  increase  of 
navigation  has  to  go  up  the  rive  rwhere  government  improvemeDtB 
are  now  being  made. 

Hallowell  and 'Augusta  are  largely  engaged  in  various  kinds  of  mao- 
ufactures.  At  Augusta,  lumber  constitutes  a  large  item,  which  hss  to 
be  floated  down  in  rafts  to  this  city  (Gardiner)  to  reach  vessels  that  cafr 
not  go  up  the  river  for  want  of  depth  of  water.  This  is  but  one  item 
out  of  many  which  the  manufacturers  of  the  towns  wish  to  exports 
market  by  water,  during  the  navigable  season  of  the  year. 

The  work  now  going  on  by  the  government  to  improve  the  river  clutf- 
nel  to  Hallowell  and  Augusta  gives  the  people  of  these  cities  faith  that 
they  are  soon  to  be  opened  to  a  full  and  complete  water  communicaliofl 
to  the  open  sea,  and  hence  they  feel  that  the  expenditures  now  beisg 
made  will  result  in  great  benefit  to  all. 

Accompanying  this  (see  Appendix)  is  a  letter  from  some  of  the  leading 
practical  men  of  Augusta,  Maine,  giving  their  views,  also,  as  to  tie 
extent  in  which  the  commerce  and  navigation  on  this  river  wodd  w 
benefited  by  the  completion  of  the  improvements  as  now  proposed. 

GEO.  THOM, 
Ideut  Col,  of  Engineers^  BvU  Brig.  Oen.  U,  &  i* 

United  States  Engineer  Office, 

Portlandj  Maine^  July  1, 1869. 
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AUGUSTA,  July  19, 1869. 

Yoa  ask  for  information  as  to  the  importance  and  value  of  the  improve- 
ments of  the  navigation  of  the  Kennebec  river  now  in  progress. 

The  undersigned,  citizens  of  Augusta,  respectfully  bear  testimony  to 
the  public  value  of  this  work,  now  in  progress,  and  emphatically  urge 
its  speedy  completion.  The  navigation  of  the  Kennebec,  from  Gardiner 
to  the  head  of  tide- water  at  Augusta,  vitally  concerns  two  of  the  most 
^irJoable  and  prosperous  counties  of  the  State,  containing  about  sixty 
towns  and  a  population  of  nearly  one  hundred  thousand.  Augusta  cen- 
tralizes a  valuable  section  of  country,  and  has  the  elements  of  large 
future  prosperity  and  wealth.  It  has  an  immense  water-power,  which 
lias  recently  passed  to  the  ownership  of  one  of  the  leading  manufacturing 
houses  of  the  country.  The  amount  of  machinery  now  in  use,  or  soon  to 
be  brought  into  operation,  will  require  a  large  use  of  water-carriage  to 
and  from  Portland,  Boston.  New  York,  Philadelphia,  and  other  ports. 
The  rapidly  increasing  use  oi  coal  for  the  various  State  and  United  States 
establishments  located  in  Augusta,  for  the  largely  increasing  manufac- 
tories and  for  domestic  uses,  demands  water  transportation.  There  are 
in  operation  extensive  miUs  for  the  manufacture  of  lumber,  which  is 
shipped  to  different  Atlantic  ports. 

The  aggregate  amount  of  this  lumber  is  very  large.  The  heavy  and 
bulky  agricidtural  products  of  the  rich  and  extensive  country  above  and 
acyacent  to  Augusta,  find  the  cheapest  transportation  to  the  market  by 
water. 

Augusta,  Hallowell  and  Gardiner  have  resources  and  advantages 
which  cannot  fail,  at  no  distant  day,  to  give  them  a  population  of  fifty 
or  sixty  thousand. 

The  removal  of  the  obstructions  to  the  navigation  of  the  river  above 
Gardiner  having  progressed  so  far,  the  undersigned  cannot  doubt  that 
the  work  will  be  continued  to  a  final  completion.  Not  to  fijiish  the 
work,  which  has  already  excited  high  hopes,  would  be  a  grave  disappoint- 
ment to  a  large  number  of  people  and  prove  detrimental  to  extensive  and 
valuable  business  interests. 
Yours,  respectfully, 

Sahuel  Titoomb,  Ma/yor. 

James  W.  North,  Ex-Mayor. 

Joseph  W.  Patterson,  Ex-Mayor. 

J.  P.  Wyman  &  Son. 

0.  &  E.  Melliken. 

D.  Williams,  Ex-Mayor. 

A.  &  W.  Spraoue,  Manufacturing  Company. 

H.  A.  De  Witt,  Agent. 

Wm.  F.  Johnson,  Ex-Mayor. 

Jas.  W.  Bradbury,  Ex-  U.  8.  Senator. 

J.  A.  BiOKNELL,  Postmaster. 

See  Long's  Survey  and  Chart  of  Kennebec  Eiver,  in  Senate  Document 
of  United  States,  No.  114,  twenty-fifth  Oongress,  2d  session,  1837  and 
1838 

JOHN  L.  STEVENS. 
Hon.  E.  S.  J.  Neallt, 

Collector  of  Bath. 
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IV. — Export  on  ihe  improvement  of  the  navigation  of  the  8aint  Croix  rvxtj 
above  the  ^^  ledge j^  for  the  yea/r  ending  June  30, 1869,  by  Brevet  Brigeim 
Oeneral  Oeo.  Thorn j  lieutenant  colonel  Corps  ofEngineere. 

By  an  act  of  Oongress,  approved  March  2, 1867,  tiie  sum  of  |15,0M 
was  appropriated  for  the  improvement  of  this  river:  ^*'Frovidei^  Tta 
province  of  New  Brunswick  shall  contribnte  and  pay,  to  the  propel  dis- 
bursing officer,  a  like  sum  for  said  purpose;  said  payment  being  made 
on  condition  that  in  no  event  shall  the  province  of  New  Brunswick  be 
called  upon  for  more  than  one-half  the  sum  actually  expended  fnr  said 
purpose."  As  the  co-operation  of  the  province  is  yet  to  be  obtained  is 
this  matter,  operations  have  not  been  commenced. 

The  improvement  of  its  navigation  requires  its  channel  to  be  deepened 
by  the  removal  of  slabs,  edgings,  and  sawdust,  which,  for  thirty  yean 
and  more,  have  been  accumidating  in  large  quantities  fix>m  the  nnmerov 
saw-mills  above  and  near  Calais. 

For  an  accurate  estimate  of  the  <^  amount  tiiat  is  required  for  tti 
entire  and  permanent  completion"  of  this  improvement  a  careful  survey 
will  be  necessary.  An  examination,  made  by  me,  showed  that  to  (^ 
a  channel  one  hundred  feet  wide,  and  ten  feet  deep  at  low  water,  wwM 
require)  the  removal  of  not  less  than  one  hundred  thousand  cubic  yaids 
of  slabs,  edgings,  and  sawdust,  which,  at  ninety  cents  par  cubic  ywd, 

would  amount  to $90, 000  •• 

Adding  10  per  cent,  for  contingencies 9,  OOQ  01 

Total : 99, 000  « 

DeductiDg  one-half,  if  paid  by  the  province  of  New  Bruns- 
wick        49,500 

49,aO0N 
Amount  appropriated  by  act  of  Congress,  approved  March 

2,1867 15,000  «• 

34,000 
Additional  amount  required,  (aay) 35, 000 

Which  amount  could  be  profitably  expended  on  the  work  during  the  fiseil 
year  ending  June  30, 1871, 

The  following  information  is  supplied,  in  compliance  with  the  reqoii^ 
ments  of  the  act  of  Congress  making  an  appropriation  for  this  work,  vii: 

The  contemplated  improvements  of  the  '^  Saint  Croix  Biver,  above  ^ 
ledge,''  are  within  the  collection  district  of  Passamaquoddy,  and  near  tie 
custom-house  in  Calais. 

There  is  no  United  States  light-house  now  in  use  near  this  place,  tbe 
nearest  being  in  the  vicinity  of  Bastport,  Maine,  about  thirty  miles  belof. 
There  is  no  fort  in  the  immediate  vicinity,  Fort  Sullivan,  also  at  Baat 
port,  being  the  nearest 

The  amount  of  duties  collected  at  the  custom-house  in  Calais  for  tks 
fiscal  year  ending  June  30, 1869,  was  $27,219  91. 

The  amount  of  commerce  and  navigation  that  would  be  benefited  bf 
these  improvements  consists  of  about  one  thousand  vessels,  (probrtly 
averaging  about  one  hundred  tons  each,)  which  arrive  at  this  port  afioii' 
all^  being  principally  engaged  in  the  coasting  trade. 

Hereto  is  appended  a  statement,  by  the  deputy  collector,  showing  ^ 
amount  of  '<  exports  and  imports  at  this  port  during  the  year  endiof 
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December  31,  1868,  the  number  of  arriyaLs  and  departures,  and  the 
number  of  vessels  bnilt." 

GEO.  THOM, 
Lieut  Col.  Carps  o/EngineerSj  Bvt.  Brig,  Gen.  U.  S.  A. 

United  States  Engineeb  Office, 

Parilandj  Maine^  July  1, 1869. 


Statement  of  exports  and  imports  at  the  port  of  Calais  during  the  year  ending 

December  31, 1868,  the  number  of  arrivals  and  departures^  and  number 
and  tonnage  of  vessels  huilt. 

domestic  expobts. 

Pine  lumber,  feet 7, 000, 000 

Spruce  lumber,  feet 47, 000, 000 

Hemlock  lumber,  feet 18,000,000 

Hardwood,  feet 376, 006 

Hackmatack,  feet 127, 000 

Laths 98 ,  000, 000 

Pickets 6, 666, 000 

Shingles 34,000,000 

Spool  stuff 536, 000 

fiackmatack  knees 28, 000 

Cords  bark 175 

Oedar  posts 42, 000 

Cedar  sleepers 2, 000 

Broom  handles 308,000 

iBean  poles 5, 200 

Clapboards 191, 000 

Barrels  calcined  plaster 26, 921 

Casks  ground  plaster 10, 767 

Ladders 65 

FOBBION  Et70BTS. 

Pine  lumber,  feet . . . .  w . . .  • 1, 664,  ©00 

Spruce,  feet 2, 441, 000 

Latiis 160,000 

Pickets 274,000 

Shingles 8,320,000 

IMPCATS. 

Barrels  fiour 25, 17T 

Bushels  of  com 103,967 

Barrels  pork 83S 

Barrels  beef 36$ 

Tons  rock  plaster 6,686 

Tons  coal 1, 600 

ABBITALS  AKD  DEPAlBTtmES. 

Domestic  arrivals . » 1,033 

F^M'eign 66 

Domestic  dearanees 1,022 

Foreign 69 
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KUMBEB  XKD  TONNAGE  OF  VESSELS  BUILT. 

Barkg J 

Brig I 

Schooners I 

Tons 3,01 

Bepaired  on  i^ilways  and  diy-docks,  107  vessels. 

B.  M.  FLLST, 
Deputy  CoUeetor, 


United  States  Engineeb  Office, 

Portland^  Me.,  January  6, 1869. 

Genebal  :  I  have  the  honor  to  acknoT?ledge  the  receipt  of  letter 
from  headquarters,  dated  the  31st  ultimo,  asking  my  attention  to  tie 
matter  of  dredging  a  channel  through  the  Middle  Ground  of  this  harbot 
and  instructing  me  to  communicate  my  views  as  to  the  expediency  ct 
buUding  a  dredging  machine,  and  prosecuting  the  work  by  hired  luboi^ 
instead  of  by  contract,  and  to  furnish  estimates  for  the  same. 

I  have  deferred  making  this  report,  in  compliance  with  former  instm 
tions,  as  I  have  not  been  able  to  fully  make  up  my  mind  as  to  the  kini 
of  machine  which  is  best  adapted  to  this  work. 

The  depth  to  which  it  is  proposed  to  dredge  the  bar  is  twenty  feet 
below  mean  low  water,  or  twenty-nine  feet  below  ordinary  high  water; 
and  the  material  to  be  excavated  appears  to  be  generally  soft  mud,  moie 
or  less  tenacious  by  its  admixture  with  clay,  not,  however,  difficoltcf 
excavation.  At  times  the  ocean-swells  upon  this  bar  create  the  gt^ 
est  difficulty  in  the  prosecution  of  the  work.  It  was  this  difficulty  whieb 
the  contractors  (Messrs.  A.  B.  Cooley  &  Co.,  of  Philadelphia)  enooos- 
tered,  and  they  were  not  provided  with  sufficient  and  suitable  machineiy 
for  overcoming  it  and  for  completing  their  contract  in  the  required  time. 
and  with  satisfactory  advantage  to  themselves;  and  for  this  last  reason 
they  doubtless  abandoned  the  work. 

Of  the  various  kinds  of  dredging  machines  now  in  use,  the  following 
are  some  to  which  I  have  directed  my  attention: 

1.  The  new  "plough  and  bucket"  machine  recently  built  at  this  plac* 
for  Mr.  Boschke,  of  Boston^  for  operations  in  that  harbor.  This  machin^ 
is  expensive,  costing,  with  its  requisite  screws,  more  than  twice  as  much 
as  the  machines  and  screws  in  ordinary  use.  Its  capacity  and  advan- 
tage appear  to  be,  and  are  believed  to  be,  greatly  superior  to  those  of 
all  other  machines  now  in  use  in  this  country,  and  especially  in  deep 
water  and  in  hard  material.  The  capacity  of  this  machine  is  claimed 
as  six  thousand  cubic  yards  per  day.  The  experiments  thus  far  made 
with  it,  however,  have  furnished  no  positive  ii^ormation  as  to  its  great 
capacity  and  other  superior  advantages.  I  learn  that  in  the  coarse  of 
the  present  month,  ;t  is  to  be  fully  tested  in  Boston  Harbor. 

2.  The  ordinary  "endless  chain  and  bucket '^  machine  will  not, 
in  my  opinion,  answer  the  purpose  in  this  harbor,  except  in  very  soft 
digging. 

3.  The  single-dipper  machine  (known  as  Osgood's  patent)  is  in  g^* 
eral  use,  and  is  well  adapted  to  digging  in  any  material,  especiaUjis 
shallow  water;  while  in  deep  water  it  loses  proportionally  its  power 
and  capaciiy  for  work. 
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4«  The  donble-dipper  machine  (Morris  &  Oommin^s's  patent)  is  much 
used  in  the  harbors  of  New  York.  Boffalo,  and  elsewhere ;  and  in 
soft  material  and  deep  water  it  has 'many  advantages  over  most  other 
machines  in.  use,  especially  in  the  quantity  of  work  it  can  perform^ 
it  being  claimed  for  it  that  it  can  excavate  from  one  thousand  five  hun- 
dred to  two  thousand  cubic  yards  per  day.  I  am  not  fully  satisfied, 
liowever,  as  to  its  suitableness  for  the  material  to  be  dredged  in  this 
barbor.  The  cost  of  this  machine  and  the  expense  of  working  it  is 
about  the  same  as  that  of  the  Osgood  machine. 

5.  ^^  Taggart's  machine,"  also  a  double-dipper  machine,  is  still  dififerent, 
though  similar  in  its  operations  to  Morris  &  Gummings's  patent,  and  it 
appears  to  have  some  advantages  over  some  others  in  deep  water ;  but 
I  know  of  none  now  in  use  in  this  section  of  the  country,  nor  am  I  fully 
informed  as  to  its  merits.  In  my  present  state  of  uncertainty  as  to  the 
advantages  and  merits  of  the  Boschke  machine,  and  the  double-dipper 
machine,  I  submit  the  following  estimates  for  operating  with  the  Osgood 
machine,  which  is  now  in  general  use  for  work  similar  to  that  to  be  done 
in  this  harbor.  Supposing  the  Osgood  machine  capable  of  excavating 
in  this  harbor  two  hundred  cubic  yards  per  day,  and  that  eighty  thou- 
sand cubic  yards  is  the  quantity  to  be  excavated,  four  hundred  actual 
days  will  be  required  for  the  work;  or,  adding  twenty-five  per  cent,  for 
Sundays,  impracticable  weather,  and  other  unavoidable  delays,  say  ^ve 
hundred  days,  for  a  single  machine.  So  that  it  will  require  more  than 
two  seasons  to  complete  the  work  with  but  one  machine,  as  it  would 
generally  be  impracticable  to  work  more  than  seven  months  in  the  year, 
QErom  the  middle  of  May  to  the  middle  of  December,)  or,  say,  two  hundred 
days. 

1.  Estimate  for  doing  the  work  with  one  Osgood  machine  and  hiring 
a  steam-tug  for  towing  off  and  dumping  the  material : 

Oost  of  one  machine,  (with  latest  improvements) $13, 500  00 

Cost  of  four  scows,  at  $1,250  each 5, 000  00 

Bepairs  for  two  or  more  seasons,  say 1, 500  00 

20, 000  00 

Wages  of  engineer  and  craneman,  per  day $7  00 

Wages  of  five  men,  each  $2  per  day 10  00 

Ooal  for  engine,  say,  per  day 8  00 

Total,  per  day 25  00 

Expense  of  working  machine  500  days 12, 500  00 

Towing  and  dumping  80,000  cubic  yards,  at  10  cents 8, 000  00 

Total 40, 500  00 

Deduct  probable  amount  that  machine  and  scows  would 
sell  for  on  completion  of  work 10, 500  00 

Oost  of  excavating  80,000  cubic  yards 30, 000  00 

or  cost  per  cubic  yard  37 J  cents. 

2.  Estimate  for  two  Osgood  machines  and  hiring  a  tug  as  above: 

Cost  of  two  machines $27, 000  00 

Oost  of  six  scows 7, 500  00 

Repairs  for  one  season,  say 1, 500  00 

Total 36,000  00 
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Bxpenaes  of  working  both  machmes  250  days,  at  $50  per 

day $12, 600  W 

Towing  and  dnmping  80,000  onbic  yards,  at  10  cents 8, 000  00 

66,500  00 
Dednct  probable  amount  that  the  two  machines  and  scows 
would  sell  for  after  one  season's  use,  say 20, 000  00 

Actual  cost  for  80,000  cubic  yards 36, 500  00 

or  for  one  cubic  yard  45.62  cents« 

3.  Estimate  for  two  Osgood  machines  and  one  steam-tag  purchased 
for  the  work: 

Oost  of  two  machines,  six  scows,  and  repairs  as  above 36, 000  00 

Cost  of  one  steam-tug  and  repairs,  say 8, 000  00 

Esn^ense  for  working  both  machmes  250  days,  at  $50  per 

day,  as  above 12, 500  00 

Expenses  of  working  one  tug  250  days,  at  $25  per  day. . .  6, 250  00 

62,750  00 
Deducting  probable  amount  that  the  two  machines,  six 
scows,  and  tug  would  sell  for  after  one  season's  use,  say.      26, 250  00 

Cost  of  excavating  80,000  cubic  yards 36,50000 

or  for  one  cubic  yard  45.62  cents. 

4.  Estimate  for  three  Osgood  machines  and  one  steam  tug,  purohMed: 

Three  machines $40, 500 

Nme  scows,  at  $1,250 11, 250 

One  steam  tug,  say 8, 000  00 

Bepairs  on  al^ve,  in  one  season 2, 250  00 

62,000  00 
Expense  of  working  three  machines  166|  days,  at  $75  x>er 

day 12,500  00 

Expense  of  running  one  tug  166|  days,  at  $25  per  day 4, 106  00 

78,666  06 
Deducting  probable  amount  that  the  three  machines,  nine 
scows  and  tug  would  sell  for  after  one  season's  use,  say. .      38, 666  66 

Oost  of  excavating  80,000  cubic  yards 40, 000  01 

or  of  one  cubic  yard  50  cents. 

5.  Estimate  for  dredging  middle  ground  bar  with  one  Boschke  ma- 
chine, six  scows,  and  one  tug,  purchased  for  the  work: 

Cost  of  one  single  machine,  say $27, 000 

Cost  of  eight  scows,  at  $1,600 12, 000 

Cost  of  one  steam-tug 8,000  00 

Bepairs  for  one  season,  say 1,50000 

48,500  00 

Expense  of  working  machine  (supx>osing  it  capable  of  exca- 
vating 1,000  cubic  yards  per  day)  for  100  days,  at  $40  per 
day 4,000  00 

Expense  of  tug  100  days,  at  $25  per  day 2,500  00 

Total 65,000  00 
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Deductiiig  probable  ainoimt  that  the  machine^  scows,  and 
tug  woald  sell  for  at  close  of  operations,  say $31, 000  00 

Cost  of  excavating  80,000  cubic  yards 24,000  00 

Cost  of  excavating  one  cnbic  yard,  say  30  cents. 

6.  Estimate  for  dredging  middle  ground  bar  with  one  single  Boschke 
machine  and  eight  scows,  purchas^  for  the  work,  and  one  steam-tug 
hired  for  it. 

Cost  of  machine $27, 000'  00 

Cost  of  eight  scows,  at  $1,500  each 12, 000  00 

Bepairs  for  one  season 1, 500  00 

40,500  00 
Expense  for  operating  machine  (supposing  it  capable  of 
excavating  1,000  cnbic  yards  per  day)  for  100  days,  at 

$40  per  day 4, 000  00 

Hire  of  tug,  running  same  and  keeping  it  in  repair  100  days, 
at  $50 5, 000  00 

Total 49, 600  00 

Deducting  probable  amount  that  machine  and  scows  would 
sell  for  at  close  of  operations,  say 25, 500  00 

Cost  ofexcavating  80.000  cubic  yards 24,000  00 

or  of  one  cubic  y»rd  30  cents. 

7.  Estimate  for  doing  the  work  with  one  Morris  and  Cummings  machine, 
(double  dipper,)  six  scows,  and  a  steam-tag  for  towing  and  dumping  the 
material — all  purchased: 

Cost  of  one  machine,  (complete) $14, 000  00 

Cost  of  six  scows,  at  $1,250  each 7, 500  00 

Cost  of  one  steam-tug 8, 000  00 

Bepairs  on  above,  (one  season) 1, 500  00 

31,000  00 
Expense  of  working  machine  (supposing  it  to  excavate  500 

cubic  yards  per  &y )  for  200  days,  at  $25  per  day 5, 000  00 

Expense  of  running  tug  for  200  days,  at  $25  per  day 5, 000  00 

Total 41,000  00 

Deduct  probable  amount  that  the  machine,  scows  and  tug 
would  seU  for,  say 17, 000  00 

Cost  of  excavating  80,000  cubic  yards 24,000  00 

or  of  one  cubic  yard  30  cents. 

From  the  foregoing  estimates  it  appears: 

1.  That  with  a  single  Osgood  machine  and  four  scows  purchased,  and 
with  hired  tug,  the  work  can  be  done  for  thirty-seven  and  one-half  cents 
per  cubic  yard ;  but  that  more  than  two  seasons  wiU  be  required  to  com- 
plete the  work. 

2.  That  with  two  Osgood  machines  and  six  scows  purchased,  and  a 
tug  hired  for  towage  and  dumping,  tiie  work  can  be  done  for  forty-flve 
and  one-half  cents  per  cubic  yard,  and  probably  in  one  season. 

3.  That  with  two  Osgood  machines,  six  scows  and  one  tug  purchased, 
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the  work  can  be  done  for  forty-five  and  one-half  cents  per  cnbic  yard, 
and  probably  in  one  season. 

4.  That  with  three  Osgood  machines,  nine  scows  and  one  togpnrchased, 
the  work  can  be  done  for  fifty  cents  x)er  cubic  yard,  and  in  a  part  of 
one  season. 

5.  That  with  one  Boschke  machine  and  eight  scows  purchased^  and  one 
steam-tug,  (whether  hired  or  purchased,)  the  work  c^^n  be  done  m  a  part 
of  a  season  at  thirty  cents  per  cubic  yard,  if  the  advantages  and  capaci^ 
of  the  machine  be  as  great  as  above  stated. 

6.  That  with  one  double  dipper  machine,  (Morris  and  Cummings  pat- 
ent,) six  scows  and  one  tug  purchased,  the  work  can  be  done  for  thirty 
cents  per  cubic  yard,  and  in  one  season,  if  the  advantages  and  capadtj 
of  the  machine  be  as  great  as  above  stated. 

These  estimates  are  all  based  on  the  supposition  that  the  machines, 
scows,  and  tugs  will  be  sold  on  the  close  of  this  single  work,  in  which 
event  it  would  be  advisable  to  employ  either  the  Boschke  or  the  double 
dipper  machine,  qt  else  to  purchase  and  employ  two  Osgood  machines, 
with  requisite  scows  and  tug.  But  should  it  be  deemed  ad\isable  to 
retain  the  machines,  scows  and  tug,  for  other  public  works,  in  this  depart 
ment  or  elsewhere,  the  comparative  cost  of  the  work  per  cubic  yard,  will 
be  as  follows,  viz: 

1.  With  two  Osgood  machines,  six  scows  and  one  tug,  purchased  and 
kept  in  order,  at  twenty-five  cents  per  cubic  yard,  or  $20,000  for  the 
whole  work. 

2.  With  one  Boschl^e  machine,  eight  scows  and  one  tug,  purchased 
and  kept  in  order,  at  ten  cents  per  cubic  yard,  or  $8,000  for  the  whole 
work. 

3.  With  one  double  dipper  machine,  (Morris  and  Cummings  patent,) 
six  scows  and  one  tug,  purchased  and  kept  in  order,  at  fifteen  cente  per 
cubic  yard,  or  $12,000  for  the  whole  work. 

The  foregoing  estimates  for  the  Osgood  machine  are,  in  my  opinion, 
reliable;  but  those  for  the  Boschke  machine,  and  for  the  Morris  and 
Cummings  patent,  are  based  on  the  best  information  I  have  in  regard 
to  their  capacity  for  work.  Before  recommending  the  adoption  of  either 
of  these  machines,  I  would  desire  to  see  them  in  operation  in  Boston, 
New  York,  and  Buffalo,  and  be  fully  satisfied  as  to  their  respective 
advantages  over  the  Osgood  and  other  machines. 

For  the  purpose  of  comparing  the  foregoing  estimates  for  cost  of  w(rt 
with  the  bids  made  for  the  work  to  be  done  by  contract,  I  will  add  the 
following: 

1.  Lowest  bid  received  from  A.  B.  Cooley  and  Co.,  thirty-four  cento 
per  cubic  yard. 

2.  Kext  lowest  bid  received  from  I.  F.  Hayden,  of  Buffalo,  New  Tort, 
for  doing  the  work  with  a  double  dipper  machine,  at  forty-four  cents  per 
cubic  yard,  or  $35,200  for  the  whole  work. 

3.  Lowest  bid  received  from  A.  E.  Wright,  of  Portland,  Main^  on 
inviting  proposals  a  second  time,  at  sixty-five  cents  per  cubic  yara,  or 
$62,000  for  the  whole  work. 

Mr.  Hayden's  price  for  doing  the  work  is  a  reasonable  one  for  a  con- 
tract, and  I  think  that  he  would  still  be  willing  to  enter  into  a  contract 
on  those  terms,  if  allowed  to  have  one  season  for  its  execution.  I  woaM, 
however,  recommend,  in  conclusion,  that  suitable  machines,  with  requisite 
scows  and  tug,  be  provided  by  the  United  States,  so  that  the  dredging 
may  be  completed  this  season,  without  fail,  and  that  the  machineiy  be 
retained  by  the  department  for  use  in  other  engineering  operations 
This,  in  my  opinion,  is  the  only  way  in  which  the  government  can  1* 
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assured  of  the  satisfactory  execution  of  such  work,  either  in  the  time  or 
cost  of  its  execution. 

Very  respectfully,  your  obedient  servant. 

GEO.  THOM, 
Lieut  CqI.  of  Engineers^  Bvt.  Brig,  Oen.  U.  8.  A. 

Maj.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  United  States  Army^ 

Headquarters  Corps  of  Engineers j  Washington^  2>.  (7. 


U  2. 

United  States  Engineer  Office, 

Portlandj  Maine^  March  15, 1869. 

General:  I  have  the  honor  to  report  that,  in  compliance  with  your 
instructions,  I  have  visited  New  York  and  Boston,  for  the  purpose  of 
examining  into  the  merits  of  the  dredging  machine  known  as  Morris 
&  Gommings's  patent,  in  operation  in  Kew  York  Harbor,  and  Boschke's 
patent,  in  Boston  Harbor,  with  a  view  to  ascertaining  the  most  suitable 
and  desirable  machine  for  dredging  in  this  harbor.  The  double-dipper 
machine  (Morris  &  Gummings's  patent)  operates  with  very  great  facil- 
ity and  rapidity,  and  to  any  desired  depth ;  the  only  question  in  my  mind 
being  as  to  the  hardness  and  tenacity  of  the  material  which  it  is  capable 
of  excavating,  as  its  power  of  penetration  seems  to  depend,  in  a  great 
measure,  upon  the  weight  of  the  dipper.  The  material  which  I  saw  it 
excavate  in  New  York  Harbor  was  a  stiff  though  not  very  tenacious 
mixture  of  mud  and  clay,  which  nearly  filled  the  dippers  {of  1^  yard 
capacity)  at  the  rate  of  about  three  times  in  every  two  minutes,  at  a 
depth  of  fifteen  to  twenty  feet.  An  examination  of  the  books  of  Messrs. 
Morris  &  Cummings,  which  1  was  kindly  permitted  to  make,  showed 
that  the  machine  (with  dippers  of  1^  yard  capacity)  is  capable  of  exca- 
vating, under  favorable  circumstances,  fifteen  hundred  cubic  yards  per 
day ;  and  generally  it  excavates  about  seven  hundred  to  nine  hundred 
cubic  yards  per  day. 

Messrs.  Morris  &  Cummings  claim  for  their  machine  that  it  can 
excavate  stiff  clay,  or  any  other  material  as  tenacious,  as  can  be  exca- 
vated with  other  machines,  and  so  do  others  who  have  used  these 
machines.  Others,  again,  whose  opinions  are  worthy  of  eonsiderationy 
assert  that  these  machines  cannot  work  in  stiff  clay,  or  to  advantage  ia 
any  material  into  which  the  dippers  will  not  i>enetrate  by  their  own 
weight.  My  opinion  is  that  they  will  work  to  better  advantage  in  this 
harbor  than  any  other  machine,  except,  perhaps,  Boschke's,.  or,  possibly, 
Taggert's :  first,  because  the  material  is  not  too  stiff  or  tenacious  for  it: 
and,  second,  because  it  can  operate  with  facility  to  any  desired  depth  ana 
with  less  danger  of  breakage  and  interruption^by  ocean  swells,  than 
other  machines  now  in  use.  I  will  also  here  state  that  for  removing 
slabs,  edgings,  and  boulders,  such  as  obstruct  the  Penobscot,  Union,  and 
St.  Croix  Rivers,  in  this  State,  for  which  appropriations  have  been  made 
or  asked  for,  there  is  no  other  machine  (unless  it  may  be  Taggert's) 
which  can  accomplish  the  work  so  effectually,  in  my  oinnion,  as  Morris 
&  Cummings's  machine,  with  its  skeleton  dippers,  which  are  especially 
designed  for  such  work.  In  my  report  of  January  6,  I  underesti- 
mated the  cost  of  these  machines.  Morris  &  Cummings  offer  to  make 
all  the  machinery  complete  for  one  machine,  with  latest  improvements, 

30 
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for  the  sum  of  $10,000 ;  the  hull,  made  here,  would  cost  about  |7,00D, 
making  the  entire  machine  cost  $17,000,  or  $3,000  more  than  my  previoDS 
estimate.  Messrs.  Morris  &  Gummings  will  also  require  the  United 
States  to  pay  $10,000  for  the  privilege  of  using  the  patent  in  this  Sute. 
This  appears  to  be  a  large  sum ;  but,  on  inquiry,  is  not  more  than  is  paid 
by  private  parties  for  its  use  elsewhere. 

In  Boston  Harbor  I  also  examined  the  working  of  Boschke's  machine 
and  was  very  favorably  impressed  with  it.  This  machine  consists  of  a 
large  iron  concave  plow,  which  excavates  the  material,  and  buckets,  on 
an  endless  chain,  which  empty  the  plow  and  carry  ofif  the  material  thos 
excavated.  The  machine  built  by  Mr.  Boschke  for  Boston  Harbor  isi 
double  one  with  two  plows  and  two  sets  of  buckets  or  elevators,  bat  the 
experiments  made  by  him  with  it  during  the  past  winter  satisfy  him 
that  for  ordinary  purposes  a  single  elevator  would  be  better. 

This  machine  has  a  threefold  advantage  over  most  others:  first, in 
the  depth  to  which  it  can  excavate  without  loss  of  power ;  second,  in  the 
very  hard,  stiff,  and  tenacious  material  which  it  can  excavate ;  and,  thirds 
in  the  quantity  of  work  it  can  do.  I  examined  some  of  the  material 
being  excavated  by  it  at  a  depth  of  thirty  feet  and  found  it  to  be  aveiy 
stiff,  compact  clay.  As  to  the  quantity  of  work  which  it  can  do  pff 
day,  I  am  not  yet  satisfied,  nor  do  1  think  that  Mr.  Boschke  is,  at 
thus  far  he  has  been  experimenting  and  improving  on  it.  But  for  s 
single  elevator  he  claims  its  capacity  at  not  less  than  twenty-five  hnn- 
dred  cubic  yards  per  day,  if  1  mistake  not.  I  should  not,  however,  esti- 
mate its  average  day's  work  at  more  than  one  thousand  cubic  yards. 

At  my  request  Mr.  Boschke  has  furnished  estimates  and  proi)ositions 
for  his  machine,  (a  copy  of  which  is  furnished  herewith,)  from  which  it 
appears  that  for  all  the  machinery  and  iron  work  complete  for  one  single 
machine  he  will  charge  $20,000.  The  hull  built  here  would  cost  about 
$8,000  making  the  machine,  complete,  cost  $28,000,  or  $1,000  moiethaa 
my  estimate  of  January  6.  For  the  privilege  of  using  his  patent  in  this 
State,  Mr.  Boschke  asks  the  sum  of  $5,000. 

In  conclusion,  I  have  to  respectfully  recommend  that  for  removing 
the  slabs,  edgings,  and  boulders  which  obstruct  the  navigation  of  mort 
of  the  rivers  in  this  State,  the  Morris  &  Gummings  machine,  witb  skel- 
eton dipper,  should  be  used,  and  that  the  same  machine,  with  dipper  of 
1^  cubic  yard,  be  used  for  dredging  in  this  harbor. 

I  do  not  feel  fully  satisfied  at  present  a«  to  Mr.  Boschke's  machiBe, 
although,  after  ftirther  experiments  and  i^roposed  improvements,  it  ntff 
turn  out  to  be  the  best  machine  for  work  in  this  and  other  harbors.  Bot 
for  removing  slabs,  edgings,  and  boulders,  I  know  of  none  to  comport 
with  the  Morris  &  Gummings  patent 

Should  it  be  decided  to  contract  for  the  dredging  in  this  harlwr,  n 
will  not  cost  more  than  fifty-five  cents  per  cubic  yard,  (a  propositkwi 
made  by  Messrs.  J.  T.  Hayden  &  Go.,  of  Buffalo,  New  York,)  or,My 
$50,000  for  the  whole  work.  But,  in  my  opinion,  the  government  c» 
do  this  work  at  a  cost  .not  exceeding  twenty-five  cents  per  cubic  j^» 
by  building  and  operating  its  own  machinery. 

Taggert's  machine,  to  which  I  have  above  referred,  is  a  double-dipp^ 
machine,  in  which  the  dippers  are  opened  and  closed  by  handles,  like » 
pair  of  scissors.  It  would  appear  to  have  some  advantages  over  v« 
Morris  &  Gummings  patent  in  excavating  hard  material^  if  the  leverage 
of  the  handles  can  be  made  sufficiently  strong.  But  it  has  not  beea 
enough  in  use  to  prove  these  advantages. 

The  foregoing  report  would  have  been  made  earlier  had  I  not  been 
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prevented  by  sickness,  with  confinement  to  my  bed  and  borne  for  more 
than  two  weeks  past. 

I  am,  very  respectfully,  your  obedient  servant, 

GEO.  THOM, 
Lieut  Col.  ofUngineerSj  Bvt  Brig.  Oen.  U.  8.  A. 

Maj.  Gen.  A.  A.  Humphreys, 

Chief  of  Engifieers  United  States  Armyj^ 

Headquarters  Corps  of  Mngineersy  Washington j  2>.  C. 


Boston,  February  24, 186d. 

Sir  :  I  have  received  estimates  for  building  all  machinery,  elevators, 
and  buckets  for  one  of  my  patent  dredges  with  one  elevator. 

I  could  furnish  a  double  fourteen-inch  cylinder  engine  with  boiler  and 
smoke-stack,  donkey  engine,  two  eight-inch  cylinder  engines  and  gears 
for  hoisting  elevator,  the  elevator  with  buckets,  chain,  all  the  shafting 
and  gears  to  dive  the  buckets,  elevator,  hauling  chain,  hand-hoisting,  &e.,. 
in  fact,  all  the  machinery  and  iron  work  required  to  set  up  in  working  order 
a  complete  machine  for  'dredging,  except  the  hull  or  vessel  for  the  dredge, 
all  this  work  warranted  to  be  of  the  best  material  and  workmanship, 
for  the  sum  of  twenty  thousand  dollars,  and  the  use  of  the  patent  for 
the  United  States  government  for  the  State  of  Maine  for  the  sum  of  five 
thousand  dollars.  Or  the  government  may  build  the  machine  at  their 
own  expense,  and  pay  the  five  thousand  dollars  for  the  use  of  the  patent 
for  said  State. 

I  am  ready  to  enter  into  any  contract  you  may  see  fit  to  make,  to  pur- 
chase the  machine  and  scows  you  may  build  under  my  patent  right  at 
the  expiration  of  a  reasonable  time,  for  a  sum  we  may  agree  upon,  as  I 
am  going  to  build  myself,  in  the  course  of  a  few  years,  several  of  Uie 
single  elevator  machines  for  work  laid  out  in  Boston  Harbor;. 
Most  respectfully, 

A.  BO«OHKB.' 

Gen.  Geo.  Thom,  U.  S.  A., 

Portlafidj  Maine. 


Appendix  V- 

San  Francisco,  Oal.,  July  31, 1869. 

General:  I  have  the  honor  to  submit  the  following  report  of  my 
official  operations  during  the  fiscal  year  endicg  June  30, 1869 : 

The  operations  have  been  conducted  under  the  following  appro- 
priations : 

Surveys  of  military  defenses. 

Purchase  and  repairs  of  instruments. 

Bemoving  obstructions  in  Willamette  Biver. 

Surveys  and  examinations  on  Pacific  Coast. 

Bepair,  preservation,  extension,  and  completion  of  certain  public  works 
of  river  and  harbor  improvements. 

Biver  and  harbor  improvements  for  the  year  ending  June  30, 1869, 
and  for  the  year  ending  June  30, 1870. 

The  amount  of  the  two  last-mentioned  appropriations,  though  having 
different  names,  are  applied  to  the  same  improvements.    In  culdition,  1 
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am  the  engineer  of  the  twelfth  and  thirteenth  light-hoose  districts  and 
a  member  of  the  board  of  engineers  for  the  Pacific  Coast. 

The  operations  nnder  the  above-named  appropriations  will  be  described 
in  the  order  named. 

SURVEY  OF  MILITARY  DEFENSES. 

Instructions  having  been  received  from  the  Chief  of  Engineers  to  ceaae 
disbursements  under  this  appropriation,  andtodeposittheamountonhand 
to  its  credit  with  the  assistant  treasurer  at  this  place,  the  amount  oo 
hand  was  so  deposited  and  the  account  closed.  The  previous  expendi- 
tures had  been  principally  for  collecting  meteorological  data,  and  a  con- 
siderable amount  had  been  collected  which  had  not  been  reduced. 

Upon  representations  made  by  me  to  the  Chief  of  Engfneers  of  tbe 
importance  of  the  work  being  completed,  I  was  given  a  small  amount 
for  that  purpose.  Kearly  all  the  observers,  however,  agree  to  continue 
the  observations,  except  those  taken  hourly,  without  compensation,  and 
the  work  has  continued  with  the  expense  of  only  about  $150  per  month. 
The  results  are  valuable  and  increase  in  value  as  the  series  of  observa- 
*tions  become  longer. 

The  following  are  the  amounts  received  and  expended  during  the 
fiscal  year  ending  June  30, 1869: 

Cash  on  hand  July  1, 1869 tl,6C2  28 

Deposited  with  the  assistant  treasurer  at  San  Francisco. 
California,  July  10, 1869 1, 662  38 

On  hand  July  10, 1869 

Received  during  the  year $1, 720  00 

Expended  during  the  year 1, 690  00 

On  hand  June  30, 1869 29  40 


» 


PURCHASE  AND  REPAIR  OF  INSTRUMENTS. 

By  the  direction  of  the  Chief  of  Engii^eers  the  amount  on  hand  iron 
this  appropriation  at  the  end  of  the  first  quarter  of  1869  was  depo«t«^ 
by  me  to  its  credit  with  the  assistant  treasurer  at  San  Francisco,  Cali- 
fornia, and  the  accounts  under  it  thus  closed. 

The  following  are  the  amounts  received  and  expended  under  it: 

On  hand  July  1, 1868 $651 73 

Expended  during  the  year 105  W 

Balance  on  hand  March  3l,  1869 646  K 

Deposited  with  assistant  treasurer  at  San  Francisco,  Cali- 
fornia, March  31, 1869 546  67 

On  hand  April  1, 1869 


REMOVINa    OBSTRUCTIONS    TO    NAVIGATION    IN    WILLAMETTE   ElTBB, 

OBEOON. 

This  work  has  been  under  the  immediate  charge  of  my  assistant^ 
Lieutenant  W.  H.  Heuer,  United  States  Engineers, 
The  operations  on  this  river  during  the  past  fiscal  year  have  been 
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confined  to  dred^ng  on  Swan  Island  Bar,  and  the  bar  at  the  month  of 
the  Willamette  River,  as  well  as  removing  snags  at  each  of  the  above- 
mentioned  localities.  Surveys  of  the  Willamette  Slongh  and  of  the 
month  of  the  Willamette  River  were  also  made  The  Willamette  River 
being  sufficiently  low  during  August,  1868,  to  commence  dredging,  a 
crew  was  hired  and  work  resumed  August  1, 1868,  and  continued  until 
December  12, 1868,  when  work  was  suspended  on  account  of  high  water. 
During  this  time  18,515  cubic  yards  of  material  were  removed.  The  sea- 
son had  been  very  unfavorable  for  workj  owing  to  the  dense  smoke  from 
the  woods  which  were  on  fire,  we  were  unable  to  see  more  than  fifty 
yards  from  the  dredge.  The  Willamette  is  also  so  low  during  the  sum- 
mer that  vessels  of  much  draught  must,  in  passing  up  and  down,  occupy 
the  channel  in  which  the  dredging  is  done,  and  consequently  every  time 
a  vessel  passed  we  were  compelled  to  stop  work,  haul  out  of  position, 
allow  them  to  pass,  then  get  back  into  position  and  resume  work,  all  or 
which  caused  mucn  delay.  While  digging  we  also  came  into  contact 
with  numerous  snags  imbedded  in  the  sand,  whose  presence  would  only 
be  made  known  by  the  breaking  of  some  part  of  the  machinery  of  the 
dredger  owing  to  the  increased  strain  to  which  certain  parts  would  be 
subjected.  In  December  last,  when  dredging  was  temporarily  sus- 
pended, we  had  cut  a  channel  over  Swan  Island  Bar  which  carried  fifteen 
feet  of  water  during  low-water  stages. 

Steamers  fonud  no  difficulty  in  keeping  in  the  cut,  which  was  well  de- 
fined by  buoys  placed  at  its  entrances  and  angles.  The  total  length  of 
channel  cut  since  the  commencement  of  the  work  in  1867  at  this  place 
has  been  3,200  linear  feet. 

On  the  25th  of  February,  1869,  the  Willamette  River  was  again  low 
enough  to  resume  dredging.  We  therefore  commenced  excavating  a 
channel  at  the  mouth  of  the  river,  and  continued  dredging  until  May  8, 
1869,  when  high  water  caused  a  suspension  of  operations.  During  this 
period  of  work  we  excavated  12,425  cubic  yards  of  material.  The  chan- 
nel cut  was  841  feet  in  length  by  100  feet  in  width  by  an  average  of  4 
feet  in  depth,  giving  a  channel  carrying  17  feet  of  wat^r  during  low- 
water  stage. 

There  yet  remains  to  be  dredged  at  this  place  about  300  linear  feet, 
averaging  2  feet  in  depth,  which  will  probably  be  completed  in  August, 
at  an  estimated  cost  of  $2,700. 

Besides  dredging,  we  removed  31  snags  which  were  imbedded  in  the 
sand,  the  largest  of  which  measured  30  feet  in  length  by  9  feet  in  circum- 
ference. The  quantity  of  material  removed  during  the  year  was  30,940 
cubic  yards  at  a  cost  of  $26,414  28,  being  an  average  of  85.4  cents  per 
yard.  This  amount  included  the  repairs  of  the  dredger^  the  removal  of 
snags,  and  the  surveys  of  the  Willamette  Slough  and  River,  which  cost 
$4,861  77. 

During  the  latter  part  of  1868  a  survey  of  the  Willamette  Slough  was 
made  by  F.  H.  West,  f  one  of  my  assistants,)  with  a  view  of  ascertaining 
its  adaptability  as  a  snip  channel.  The  survey  showed  that  the  slough 
was  not  adapted  for  that  purpose  on  account  of  its  numerous  rocky  reefs. 
Maps  of  the  slough,  together  with  a  map  of  the  mouth  of  the  river,  were 
sent  to  the  Engineer  Department  last  February.  A  current  chart  was 
also  prepared  during  the  early  part  of  1869,  showing  the  velocity  and 
direction  of  the  current  during  the  winter  freshet  of  1868-^  at  the  mouth 
of  the  river.  This  chart,  also  a  map  giving  the  latest  survey  of  the 
mouth  of  the  river,  by  Mr.  F.  H.  West,  accompany  this  report. 

It  was  thought  that  the  freshet  in  the  river  during  January,  1809, 
would  produce  certain  changes  in  the  bed  of  the  river  at  its  mouth. 
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This  actually  occarred,  and  by  comparing  the  last  survey  (accompany- 
ing  this  report)  with  those  previously  made  in  1867  and  1868,  it  wDlbe 
seen  that  the  current  washed  out  the  sand  so  as  to  make  a  duumd 
carrying  12  feet  of  water  in  places  which  previous  surveys  showed  to  be 
almost  bare.  The  June  rise  of  the  Willamette  Biver  (occasioned  by  high 
water  in  the  Columbia)  seems  to  act  injuriously  to  the  channel  at^ 
mouth  of  the  Willamette,  causing  a  considerable  deposit  of  sand  whk^ 
is  only  partially  removed  by  the  current  of  the  Willamette,  after  the  sob- 
sidence  of  the  freshet.  The  accompanying  current  chart  was  made  in 
January  of  18G9,  when  the  Willamette  was  only  about  10  feet  higher  than 
the  ordinary  low-water  stage.  This  was  the  greatest  height  attained 
during  the  winter,  and  was  11  feet  lower  than  the  river  was  doling 
the  freshet  of  December,  1867.  The  current  chart  shows  that  theiate 
of  the  current  during  January,  1869,  freshet  averaged  between  two  and 
a  half  and  three  miles  per  hour,  which  during  a  heavy  freshet  would 
probably  be  accelerated  33  per  cent.,  the  general  direction  of  tlie  coirait 
remaining  the  same. 

In  the  June  freshets  the  direction  of  the  current  is  materially  changed. 
The  current  then  seems  to  come  down  the  Columbia,  passing  betweoi 
Percy's  Island  and  Nigger  Tom,  as  well  as  between  Nigger  Tom  and 
Coon  Islands,  thence  passing  back  into  the  Columbia  through  the  Bloagh 
B  between  Coon  and  Laurie's  Islands.  During  this  time  the  Colombia 
Slough  also  carries  a  considerable  volume  of  water,  the  current  of  which 
passes  in  a  northwesterly  direction  toward  Gillingnam  Point,  then  sep- 
arating, a  portion  passing  throu^  the  slough  B,  the  other  x>ortion  tato 
a  south westeriy  direction,  passing  through  the  Willamette  Slough  back 
into  the  Columbia.  The  Columbia  Slough  was  formerly  used  by  steam- 
boats in  running  to  Vancouver,  but  it  is  now  nearly  blocked  up. 

I  am  directed  to  report  on  the  following  eleven  points: 

1.  A  survey  of  Swan  Island  Bar  was  msMde  during  the  year,  riso  of  the 
bar  at  the  mouth  of  the  Willamette  Eiver  and  Willamette  Slough.  Tbe 
plan  adopted  was  to  dredge  Swan  Island  Bar  so  as  to  have  15  feet  of 
water  in  the  channel  during  the  low-water  season.  Finished  the  work  to 
that  depth.  At  the  mouth  of  the  river  we  intended  to  dredge  to  17  feet 
of  water  over  the  bar.    That  work  is  about  three-quarters  completei 

Items  of  expense  during  the  year  have  been  as  follows : 

Dredging  at  Swan  Island  Bar $11,387  31 

Dredging  at  mouth  of  Willamette 1^>  ^^  ? 

Bepairs  to  dredger  and  surveys 4,861  «^ 

Total  expended  during  the  year 26, 4U  28 

2.  It  is  estimated  that  the  amount  that  will  be  required  to  complete 
the  work  at  the  mouth  of  the  river  will  be  $2,700.  To  deepen  the  c^ 
nel  at  Swan  Island  bar  to  18  feet  of  water  will  probably  cost  $31,3w 
It  wiU  also  probably  require  a  small  annual  appropriation  to  keept» 
channel  open  to  18  feet  of  water. 

3.  The  amount  that  can  profitably  be  exi)ended  upon  the  work  daimg 
the  next  fiscal  year  is  $26,500. 

4.  The  collection  district  is  Astoria,  Oregon. 

5.  Portland,  Oregon,  is  the  nearest  town. 

6.  The  amount  of  revenue  collected  is  unknown  to  this  office.        . 

7.  The  amount  of  commerce  to  be  benefited  by  the  completion  oi^ 
work  is  very  great    Steamers  measuring  two  thousand  tons  le»re  o*" 
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Francisco  weekly  for  Portland.  A  large  nnniber  of  sailing  vessels  also 
ply  between  these  two  ports. 

8.  No  proposals  were  invited  daring  the  year,  as  the  work  is  not  being 
done  by  contract,  but  by  the  United  Btates,  by  means  of  hired  labor. 

9  and  10.  Hence  no  contracts  were  made. 

11.  The  following  are  the  amounts  of  money  received  and  expended 
on  account  of  the  Willamette  Biver  work : 

Cash  on  hand  June  30, 1868 $8^  914  99 

Seceived  daring  the  year  from  appropriation  for  removing 

obstacles  to  navigation  in  Willamette  River 9, 500  00 

For  preservation,  completion,  &c.,  of  rivers  and  harbors. .  9, 000  00 

Total  on  hand  and  received 27, 414  99 

Expended  during  the  year 26, 414  28 

On  hand  June  30, 1869 1, 000  71 


The  total  amount  of  money  appropriated  which  could  be 

made  available  for  improving  the  Willamette  Elver  was.  $79, 500  00 

Total  expended  to  Jane  30, 1869 52, 576  26 

Amount  available  to  complete  the  work 26, 923  74 


STJBVEYS  AND  EXAMINATIONS  ON  PACIFIC  COAST. 

During  this  fiscal  year  the  only  work  done  under  this  appropriation 
was  a  survey,  by  Lieutenant  W.  H.  Heuer,  United  States  Engineers,  of 
portions  of  the  Upper  Columbia  Eiver,  known  as  Homly  Kapids  and  Eock 
Creek  Bapids,  with  a  view  of  ascertaining  the  size  and  position  of  danger- 
ous sunken  rocks  on  these  rapids,  with  a  view  to  their  removal.  A  few 
exx>eriments  in  blasting  were  made  on  a  submerged  rock  at  John  Day 
Eapids,  for  the  purpose  of  ascertaining  the  cost  of  removal  of  the  numer- 
ous rocks  in  the  various  rapids  of  this  river. 

For  maps  and  detail,  see  reports  of  my  assistant,  Lieutenant  W.  H. 
Heuer,  United  States  Engineers,  forwarded  to  Engineer  Department, 
Kovember  20, 1868. 

Cash  on  hand  June  30, 1868 $10, 166  16 

Received  during  the  year 

Exx>ended  during  the  year 4, 781  91 

On  hand  June  30, 1869 6, 383  25 


BLOSSOM  BOCK,  SAN  FBANCISOO,  OALIFORNIA. 

During  the  year  an  allotment  of  $50,000  was  made  for  the  removal  of 
this  obstruction.  Advertisements  were  made  and  proposals  invited. 
Only  one  proposal  was  received,  which  was  from  Mr.  Townsend,  of  Bos- 
ton, Massachusetts,  and  that,  proving  unsatisfactory,  was  rejected.  Sub- 
sequently two  allotments,  amounting  in  all  to  $25,000,  were  added,, 
making  the  total  amount  available  for  the  work  $75,000.  Mr.  A.  W. 
Yon  Schmidt,  a  civil  engineer,  submitted  a  plan  for  the  removal  of  the 
rock,  and  offered  to  remove  it  to  a  depth  of  twenty-four  feet,  mean  low 
water^  for  $75,000 ;  no  money  being  paid  out  by  the  government  until 
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the  satisfactory  completion  ot  the  work.  Mr.  Townsend  also  presented 
another  proposition.  These  propositions  were  submitted  to  the  Chirf 
of  Engineers  for  his  decision.  At  the  end  of  this  fiscal  year  no  deciskw 
had  been  made  in  the  matter. 

PACIFIC  BATLBOAD. 

In  October,  1868,  the  Secretary  of  the  Interior  appointed  me  one  of 
the  special  commissioners  to  examine  and  report  upon  the  Central  Pacific 
railroad,  and,  upon  the  completion  of  our  report,  I  "was  immediately  ap- 
pointed on  another  commission  to  examine  the  Central  and  Union  Pacific 
railroads,  from  Sacramento  to  Omaha.  On  my  arrival  at  Sacramento, 
on  my  way  back  to  my  station  at  San  Francisco,  I  wa^  met  by  an  order 
to  examine  at  once  the  Western  Pacific  railroad,  between  Sacramento 
and  San  Jos^,  California.  These  duties  have  occupied  me  during  a  lai^ 
portion  of  the  fiscal  year,  and  during  the  remaining  portion  much  time 
has  been  consumed  in  duty  as  engineer  of  the  twelfth  and  thirteentb 
light-house  districts,  (Pacific  coast.) 

Eespectfully  submitted. 

E.  S.  WILLIAMSOl^, 
Bvt  Lieut  Col.  U.  8.  J..,  Major  of  Engineen. 

Mjo.  Gen.  A.  A.  Humpheeys, 

Chief  of  Engineers  U.  8.  A.,  Washington^  D.  C. 


Synopsis  of  contents  of  annual  report  for  year  ending  June  30, 1869. 

SURVEYS  OF  MELITABY  DEFENSES. 

The  only  disbursements  under  this  appropriation  have  been  aboutll^ 
per  month. 

The  following  amounts  were  received  and  expended  during  the  fiscal 
year  ending  June  30, 1869 : 

O  n  h  an  d  July  1 ,  1868 $1, 662  28 

Deposited  with  assistant  treasurer  at  San  Francisco,  Cali- 
fornia, July  10, 1868 1,662  28 

On  hand  July  10, 1868 

Received  during  the  year. 1, 720  Od 

Expended  during  the  year 1, 690  60 

On  hand  June  30, 1869 29  40 

PUBGHASE  AXD  BEPAIBS  OF  INSTRUMENTS. 

This  account  was  closed,  by  order  of  the  Chief  of  Engineers,  at  the 
end  of  the  first  quarter  of  1869.    It  stood  as  follows : 

On  h and  July  1, 1868 $651 75 

Exi>ended  during  the  year 105  08 

Balance  on  hand  March  31, 1869 54j5  ^ 

which  was  deposited  with  the  assistant  treasurer  at  San  Fraudsco, 
California. 

BBMOVINa  OBSTBUCTIONS  TO  NAVIGATION  IN  WTLLAMETTE  BIVBR 

During  the  year  surveys  were  made  of  the  Willamette  Slough  and  d 
the  mouth  of  the  Willamette  Eiver.  Dredging  was  done  at  Swan  Ida^* 


» 
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Bar,  and  a  channel  3,200  feet  long,  carrying  15  feet  of  water  at  the  low- 
est stage  of  the  river,  was  completied  during  this  year.  This  year  it  is 
expected  to  nearly  complete  Swan  Island  Bar,  excavated  to  18  feet  of 
water,  at  an  estimated  cost  of  $31,200.  A  channel  at  the  mouth  of  the 
river  was  also  excavated  841  feet  long  by  100  feet  wide  by  4  feet  in 
depth.  There  yet  remains  to  be  dredged  at  this  place  about  200 
linear  feet,  which  will  be  completed  this  year,  at  an  estimated  cost  of 
$2,700. 

Total  amount  of  appropriation  for  removing  obstructions 
to  navigation  in  Willamette  River  was $45, 000  00 

From  the  appropriation  for  repairs,  preservation,  extension, 
and  completion  of  public  works  on  rivers  and  harbors, 
there  has  been  allotted  for  the  Willamette  River 21, 000  00 

From  appropriation  for  rivers  and  harbors  for  fiscal  year 
ending  June  30, 1869,  and  June  30, 1870,  there  has  been 
allotted  for  the  Willamette  River 13,600  00 

Total  amount  appropriated  and  allotted  for  this  work 79, 500  00 

I        Total  expended  on  work  to  June  30, 1869 62, 576  26 
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Amount  available  to  complete  the  work 26, 923  74 


SUBVEYS  AND  EXAMINATIONS  ON  PACIFIC  COAST. 

Under  this  appropriation  Homly  and  Rock  Creek  Rapids  of  the  Upper 
Columbia  River  were  surveyed,  and  some  experimental  blasts  made  on 
a  submerged  rock  in  John  Day  Rapids,  with  a  view  of  estimating  the  cost 
of  removal  of  dangerous  rocks  in  the  various  rapids  of  this  river. 

Cash  on  hand  June  30, 1868 $10,165  16 

Received  during  the  year 

Expended  during  the  year 4, 781  91 

On  hand  June  30, 1869 5,383  26 

Total  amount  of  this  appropriation  was $50, 000  00 

Total  amount  expended  to  June  30, 1869,  is 19, 616  75 

Unexpended  balance  of  this  appropriation  is 30, 383  25 


BLOSSOM  BOCK,  SAN  FEANCISCO  HABBOE,  CALEPOENIA. 

No  special  appropriation  has  been  made  for  the  removal  of  this  rock, 
but  there  has  been  allotted  for  its  removal  the  following  amounts : 

From  the  appropriation  for  the  repair,  preservation,  exten- 
sion, and  completion  of  public  works  on  rivers  and  har- 
bors      150,000  00 

From  the  appropriation  for  rivers  and  harbors  for  fiscal 
year  ending  June  30, 1869,  and  June  30, 1870,  there  has 
been  aUotted 26, 000  00 

Total  amount  allotted  for  the  work 75,000  00 
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Mr.  A.  W.  Yon  Schmidt  has  made  an  offer  to  remove  Blossom  Bock,  to 
the  depth  of  24  feet  below  mean  low  water,  for  975,000 ;  which  proponi 
was  submitted  to  the  Chief  of  Eo^neers  for  decision,  but  at  the  end  of  tk 
fiscal  year  the  matter  was  undecided. 


VI. 

San  Francisco,  Cal.,  November  7, 188& 

Colonel:  I  have  the  honor  to  report  that,  in  accordance  with  yoor 
instructions,  I  sailed  from  this  place  for  Oregon  on  July  24, 1868,  fortk 
purpose  of  organizing  parties  for  the  continuance  of  work  iu  the  Willam- 
ette and  Upper  Columbia  Elvers. 

Parties  were  organized  immediately  after  my  arrival  at  Portiand, 
Oregon,  and  the  dredging  apparatus  was  soon  set  at  work  at  Swan  Xakuid 
Bar,  in  the  Willamette  Eiver. 

A&  the  surveying  schooner  for  the  survey  of  the  Upper  CoIuidIna 
Biver  needed  extensive  repairs,  those  repairs  were  not  completed  until 
August  21.  The  succeeding  day  we  sailed  up  the  river  and  arrived  at 
Homly  Bapids  on  August  2^^  and  began  the  survey  next  day  at 

HOMLT  BAPIDS. 

This  rapid  is  in  the  Upper  Columbia  Biver,  about  one  hundred  and 
thirty  miles  above  the  Dalles,  and  about  five  miles  below  the  mouthof 
Snake  Eiver.    The  nearest  town  is  Wallula,  (old  Fort  Walla- Walla) 
Washington  Territory,  which  is  about  four  miles  below  the  rapid.    The 
river  at  Homly  Eapids  is  three  thousand  three  hundred  feet  wide,  and 
contains  numerous  gravel  bars.    The  current  is  rapid  and  varies  with 
the  stage  of  water  in  the  liver,  being  very  much  stronger  in  high 
than  in  low  water.    While  we  were  at  this  rapid  the  rate  of  the  camst 
was  six  miles  per  hour,  but  during  high-water  season  I  am  infonned 
that  it  will  average  at  least  ten  miles  an  hour^  but  during  the  lowest 
water  the  rate  will  probably  not  exceed  five  miles  an  hour.     The  sound- 
ings on  the  map  indicate  the  depth  of  water  at  low- water  stage,  expressed 
in  feet.    The  only  part  of  the  rapid  where  very  careful  soundings  were 
made  was  between  the  two  gravel  bars,  (see  map,)  as  this  was  the  onlj 
place  in  the  rapid  where  there  was  much  hope  of  being  able  to  improve 
the  navigation.    The  whole  rapid  was  examined  by  me  in  a  small  boat, 
but  with  the  exception  of  the  place  just  mentioned,  where  the  sonndiii|8 
show  for  themselves,  the  water  was  so  sboal  and  rocks  so  plentiful  that 
it  was  almost  useless  to  devote  much  time  to  its  survey;  these  shoals 
are  indicated  on  the  map  by  dotted  lines.    The  whole  of  the  river  at 
this  place  is  shoal,  its  bed  is  comparatively  flat,  covered  with  bould^ 
varying  in  size  from  an  inch  to  several  feet  in  diameter,  and  occasioDally 
a  portion  of  the  bed  rock  (basalt)  crops  out  and  is  visible  under  the  watff. 
The  obstructions  to  be  removed  are  ledges  or  portions  of  reefis  of  basaltic 
rock.    Formerly  there  were  large  boulders  in  the  river  here,  that  inter 
fered  with  steamboat  navigation,  but  they  were  removed  by  private 
enterprise.    The  ledges  which  would  require  removal  here  are  indicated 
on  the  map  by  dotted  red  lines,  and  measure  one  thousand  one  hundred 
and  ninety-two  cubic  yards.    One  of  the  advantages  that  would  rasid^ 
from  improving  this  rapid  would  be  that  boats  would  be  enabled  to 
reach  Lewiston,  Idaho,  on  Snake  Eiver,  a  few  weeks  earlier  in  the  sea^ 
son  than  at  present    (See  letter  of  J.  C.  Ainsworth,  in  Eeport  of  Chief 
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of  Engineers  for  1867,  pagQ  509.)  According  to  that  letter  it  would  also 
enable  boats  to  reach  Priest^s  Bapids,  in  the  Golnmbia;  but,  as  there  is 
no  settlement  at  or  near  Priest's  Eapids,  I  see  no  necessity  of  boats  going 
there. 

BOCK  OBEEK  BAPIDS. 

The  next  rapid  surveyed  is  known  as  Bock  Greek  Eapids^  situated  in 
the  Upper  Columbia  Eiver,  about  forty-two  miles  above  the  Dalles. 
The  shores  on  both  sides  of  the  river  are  rocky,  and,  within  a  mile  of  the 
river  bank,  the  hills  rise  to  a  height  of  over  a  thousand  feet.  One  thou- 
sand and  eighty-two  soundings  were  made  in  and  near  the  channel  of 
this  rapid,  and  although  many  rocks  were  found,  there  were  none  that 
offered  any  serious  obstacle  to  navigation.  There  are.  therefore,  no 
rocks  recommended  for  removal  in  this  rapid.  The  rapia  is  three-quar- 
ters of  a  mile  in  length,  and  in  this  distance  has  a  fall  of  8.34  feet;  its 
current  varies  from  five  to  ten  miles  an  hour;  during  an  ordinary  stage 
of  the  river  the  current  will  not  exceed  six  miles  an  hour,  while  imme- 
diately above  and  below  the  rapid,  the  current  runs  at  the  rate  of  one 
mile  an  hour. 

BIASTINa  EXPEBIMENTS. 

Blasting  experiments  were  made  on  a  submerged  rock  in  John  Day 
Bapids,  with  a  view  of  estimating  the  cost  of  removal  of  the  various 
rocks  in  the  river,  but  the  results  were  unsatisfactory.  A  frame  (see 
sketch  of  frame  appended)  was  placed  on  ''John  Day  Bock."  It  was 
thought  advisable  to  put  one  or  two  drill  holes  in  the  rock,  then  insert 
some  explosive  compound,  throw  down  as  *mnch  rock  as  possible,  by 
firing  the  blast,  and  thus  make  an  estimate  of  the  cost  of  removal  oi  this 
rock.  The  drills  used  were  of  various  shapes;  some  were  plain,  others 
curved  like  the  letter  S,  while  still  others  had  a  cross-section  like  this 
+j  known  as  double  bits  or  diamond  drills;  each  of  these  driUs  was 
made  so  as  to  drill  a  three-inch  hole,  and  were  tried,  but  it  was  found 
that  the  plain  bit  would  continually  wedge  in  the  hole;  the  curved  bit 
(S)  would  chip  off  almost  immediately  after  being  inserted  in  the  hole: 
therefore,  the  double  bits  or  diamond  drills  were  the  only  ones  that 
could  be  used  that  promised  any  good  results.  With  this  bit  we  could 
drill  a  very  round  hole;  it  required  three  men  to  handle  the  drill,  and 
the  method  adopted  is  called  the  churning  process.  The  average  depth 
of  hole  drilled  per  day,  when  work  could  actually  be  done,  was  twelve 
inches ;  each  drill  woiiid  require  sharpening  for  every  three  inches  of  hole 
bored.  The  rock  was  so  hard  in  places  that  the  drill  in  striking  against 
the  rock  would  sometimes  rebound  three  inches,  and  sound  as  though  it 
were  striking  against  an  anvil.  Considerable  time  was  lost  in  preparing 
the  drill-holes  by  not  having  a  blacksmith  on  hand,  but  none  could  be 
obtained  in  that  section  of  country;  the  drills  had,  therefore,  to  be  sent 
to  the  Dalles  (distant  about  thirty  miles)  to  be  dressed,  and  we  were 
obliged  to  await  their  return.  Eventually,  after  considerable  trouble, 
we  succeeded  in  getting  the  hole  four  feet  deep,  and  placed  in  it  a  tin 
canister,  containing  four  pounds  of  gunpowder,  then  endeavored  to 
explode  it  by  means  of  a  Bickford  fuse,  but  owing  to  some  defect  in  the 
fuse,  it  failed  to  ignite  the  charge;  the  canister  was  Jammed  into  the 
hole  so  tight  that  it  could  not  be  withdrawn.  A  cartridge  was  then 
prepared  containing  two  pounds  of  giant  powder  and  inserted  in  the  hole 
(on  top  of  the  canister  containing  the  ordinary  powder)  and  exploded; 
the  result  was  that  43.6  cubic  feet  of  rock  was  removed. 
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As  it  would  have  taken  many  weeks  more  to  have  drilled  another 
hole  in  the  rock,  we  concluded  to  see  what  effect  a  surface  blast  would 
produce ;  a  cartridge,  containing  live  pounds  of  giant  powder,  was  then 
placed  under  water,  and  under  an  overhanging  shelf  of  the  rock,  in 
about  six  feet  of  water,  and  exploded,  but  without  effect. 

The  experiments  just  made  were  of  but  little  assistance  in  enabling 
me  to  make  a  fair  estimate  of  the  cost  of  removal  of  the  rock.  Mj 
impression  is  that  the  rocks  can  be  removed  by  drilling  holes  in  them, 
then  inserting  explosive  material  and  firing  the  charge.  I  think,  too, 
that  that  is  the  only  practicable  way  of  doing  the  work,  bat  for  sach» 
hard  rock  a  three-inch  drill  is  too  large ;  a  drill  one  incli  in  diameter 
would  be  large  enough,  for  with  a  one-inch  drill  a  man  oa^ht  to  be  able 
to  drill  two  feet  a  day,  whereas  with  a  three-inch  drill  three  men  can 
only  drill  one  foot  per  day ;  moreover,  as  the  drill-holes  will  in  no  ease 
be  over  seven  feet  in  depth,  a  one-inch  hole  is  better  adapted  to  that 
depth  than  is  a  three-inch  hole.  I  would  also  suggest  that  giant 
powder  be  used  instead  of  ordinary  blasting  powder. 

The  following  is  the  data  obtained  from  the  recent  experiment  en 
which  to  base  estimates  for  the  removal  of  the  rock: 

Expense  of  placing  firame  on  rock $50  00 

Drilling  holes,  3  men,  4  days  each iO0O 

Sharpening  15  drills,  at  $2 30  W 

Powder  and  fuse 10  00 

Total 130  00 


Amount  of  rock  removed ;  43.6  cubic  feet,  cost  per  cubic  yard,  $81  25^ 

Owing  to  my  inexperience  in  blasting,  the  above  cost  x>er  cubic  yaid 

was  very  great,  and  should  not  be  considered  as  anything  like  a  &ir 

estimate  of  the  cost  per  cubic  yard  for  removing  the  various  rocb 

in  the  river.    The  subjoined  estimate  I  consider  more  nearly  correct 

GoU. 

Putting  frame  on  rock  and  shifting  same $100  00 

Cost  of  drilling  each  hole,  labor $10  00 

Sharpening  drills  for  each  hole 6  00 

Powder  and  fuse  for  each  hole 2  00 

18  00 

400  drill-holes,  at  $18  each 7,200  00 

1  blacksmith,  for  3  months,  at  $5  per  day 450  00 

1  assistant  smith,  for  3  months,  at  $3  per  day 270  00 

Hire  of  boats,  for  3  months 900  00 

100  drills,  at  $10  each 1,000  00 

Bemoving  irame  from  rock 50  00 

Total  in  gold  coin 9, 970  00 

Contingencies  10  per  cent 997  00 

Gold  coin 10, 967  00 

$10,967  in  gold =$15,667  14  currency,  rating  legal-tender  notes  at  70 
cents :  which  would  make  the  cost  per  cubic  yard  for  removing  the  rod: 
at  John  Day  rapids  =  $18  09;  to  which  should  be  added  $10  per  f  aid 
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for  removing  the  debris,  making  a  total  of  $28  09  per  cabic  yard.  The 
various  rocks  in  the  rapids  to  be  removed  will  measure  5,934  cubic  yards, 
which  at  a  cost  of  $28  09  per  cubic  yard  would  require  $166,686  06  to 
be  appropriated  for  this  purpose. 

Very  respectfully,  your  obedient  servant, 

W.  H.  HETJEE, 
Lieutenant  of  Engineers. 
Lieut.  Col.  E.  S.  WiLiriAMSON,  U.  S.  A., 

Major  of  Engineers. 


Description  of  frame  for  submarine  blasting. 

Each  of  the  four  legs  is  a  cast-iron  gas  pipe  four  inches  in  diameter, 
into  the  bottom  of  which  a  conical  piece  of  iron  is  fitted  to  prevent  the 
legs  from  slipping.  In  each  of  the  four  angles  of  the  wood-work  of  the 
frame  is  an  iron  cylinder  through  which  the  legs  can  slide  freely;  each 
leg  is  firmly  held,  (when  in  position,)  by  means  of  a  set  screw  attached 
to  the  cylinder.  The  diagonal  braces  are  ordinary  one-inch  gas  pipes 
and  are  fastened  in  iron  bands,  which  slide  up  and  down  each  leg  and 
which  can  also  be  clamped  by  set  screws ;  each  leg  has  two  of  these 
bands,  and  eaoh  brace  runs  from  the  bottom  band  of  one  leg  to  the  top 
band  of  the  adjacent  leg. 

The  frame  weighs  about  twelve  hundred  pounds,  is  stable  and  durable, 
offers  but  little  resistance  to  the  current,  and  the  platform  from  which 
the  drilling  is  done  can  always  be  levelled  irrespective  of  the  shape 
of  the  rock  on  which  it  may  be  placed.  It  was  used  this  year  in 
John  Day  rapid  of  the  Columbia  river,  where  the  rate  of  the  current 
was  seven  miles  an  hour,  and  was  found  to  work  very  well. 

Be8i>ectfully  submitted. 

W,  H.  HEUEE, 
Lieutenant  of  Engineers. 

Bvt.  Lieut.  Col.  E.  S.  Williamson, 

Major  of  Engineers. 


San  Francisco,  Cal.,  November  20, 1868. 

Genebal  :  I  have  the  honor  to  forward  herewith  a  report,  with  maps, 
of  the  survey  made  by  Lieutenant  Heuer,  United  States  engineers,  of 
Homly  and  Eock  Creek  rapids  of  the  Upper  Columbia  Eiver.  These 
surveys  complete  tiie  series  contemplated  in  the  act  making  appropri- 
ation for  the  survey  and  examination  of  that  portion  of  the  river. 
Some  experimental  blasts  have  also  been  made  with  a  view  to  frtmish 
data  for  an  estimate  for  removing  the  obstructions.  As  the  expense  of 
such  experiments  is  considerable,  and  as  they  are  of  no  ultimate  benefit 
unless  an  appropriation  is  made  for  aotaally  removing  the  rocks,  1  did 
not  consider  it  advisible  to  make  further  expenditures  for  that  purpose. 
If  the  rocks  are  to  be  removed,  the  amount  that  can  be  profitably 
expended  towards  that  object  during  the  next  fiscal  year  is  estimated 
to  be  $50,000. 

As  the  work  of  surveying  the  obstructions  on  the  Upper  Columbia 
Eiver  is  completed,  and  as,  after  this  mouth,  no  further  expenditures 
under  that  appropriation  are  anticipated,  I  respectfully  submit  the 
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following  as  the  amount  already  received  and  expended  sinee  the  fint 
of  July  last : 

On  haiid  July  1, 1868 $10,165  II 

Keceived  during  the  fiscal  year 

Total  amount  on  hand  and  received 10, 165 1( 

Expended  and  to  be  expended  during  the  year 4, 478  6: 

On  hand  December  1,  1868 5,686  5i 

Very  respectfully,  your  obedient  servant, 

E.  8.  WILLIAMSON, 
Bvt  Lieut  Col,  XT.  8.  -4..,  Major  of  EnginwrL 

Gen.  A.  A.  Huhphbets, 

Chief  of  Engineers  United  States  Army. 


V  la, 

San  Peancisco,  October  16, 1869. 

General:  I  have  the  honor  to  transmit  herewith  a  report  of  U» 
tenant  W.  H.  Heuer^  who  has  recently  returned  from  the  Willaiu«« 
Biver,  by  my  order,  in  order  that  he  may  be  available  to  conduct  At 
proposed  survey  at  San  Diego  Harbor,  very  important  duties,  as  engineer 
of  lights  on  the  coast,  preventing  my  conducting  it  in  person.  IV 
views  expressed  in  Lieutenant  Heuer's  report  are  approved  by  me.  vi 
I  respectfully  request  that  the  sum  of  $31,000  be  appropriated  ^ 
operations  in  the  next  fiscal  year,  which  sum,  it  is  supposed,  will  e» 
plete  the  work  on  Swan  Island  Bar,  and  keep  open  the  one  at  themoflA 
of  the  river  during  that  year. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

R.  S.  WILLIAMSON, 
Bvt.  Lieut  CoL  U.  8.  A.,  Maj.  of  Enginecn 

Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  U,  8.  A.,  W€ishingtonj  D.  0. 


San  Francisco,  Cal.,  October  16, 1869. 

Colonel:  I  have  the  honor  to  report  that,  in  accordance  with 
instructions,  I  went  to  Portlaud^regon,  on  the  steamer  which  8^ 
from  here  September  29, 1869.  Having  arrived  at  Portland  I  went* 
board  the  dredger  which  was  busily  engaged  in  dredging  at  the  ]ot 
end  of  Swan  Island  Bar.  Previous  to  recommencing  work  at  tiiis 
this  summer  we  had  excavated  a  channel,  which  carried  fifteen  fe^ 
water,  entirely  across  the  bar.  In  your  annual  report  of  operatiow 
the  Willamette  Eiver  it  was  stated  that  ^^  this  year  it  is  expectedj 
nearly  complete  Swan  Island  Bar  to  eighteen  feet  of  water,  at  an 
mated  cost  of  $31,200."  This  estimate,  both  as  to  time  and  ( 
was  made  on  the  supposition  that  the  cost  of  dredging,  at  a  df 
between  fifteen  and  eighteen  feet,  would  not  Vary  very  materially  i^ 
what  the  previous  dredging  had  cost;  but,  upon  resuming  work  at  S^ 
Island,  (since  the  annual  report  referred  to  was  submitted,)  we  find  ' 
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the  operation  of  dredging  is  greatly  retarded  by  the  presence  of  innu- 
merable snags,  one  of  which  (recently  excavated)  measured  six  feet  in 
diameter  by  forty  feet  in  length.    The  time  occapied  in  removing  one  of 
these  snags  would  be  sufficient  to  excavate  upwards  of  one  thousand 
cubic  yards  of  sand^  it  also  causes  an  additional  expense  by  incurring 
numerous  breaks  in  the  machinery  of  the  dredger,  which,  were  it  not 
for  the  snags,  would  probably  not  occur.    From  the  fact  that  these 
snags  are  at  the  lower  end  of  Swan  Island  Bar,  and  embedded  at  this 
depth,  and  also  from  the  fact  that  some  of  them  have  copper  attached, 
(probably  from  some  vessel  having  scraped  over  them  years  ago,)  I  am 
inclined  to  think  that  the  lodging  of  these  snags  at  this  locality  was  the 
cause  of  the  formation  of  Swan  Island  Bar.    It  may  be  that  as  we  pro- 
I     gress  with  the  excavation  further  up  the  river  these  snags  will  disappear; 
I     it  is  probable  that  such  will  be  the  ca«e,  but  should  it  be  otherwise,  it 
will  be  nearly  impossible  to  estimate,  with  any  degree  of  correctness, 
what  it  will  cost  to  excavate  Swan  Island  Bar  to  eighteen  feet  of  water. 
It  is  certain,  however,  that  unless  these  snags  soon  disappear  the  work 
cannot  be  completed  during  this  fiscal  year,  and  an  additional  appro- 
priation will  be  required.    At  this  date,  there  is  available  to  prosecute 
the  work  $16,788  88,  which  will  be  sufficient  to  work  for  about  five 
months  longer,  and  allow  us  to  attain  a  depth  of  seventeen  feet  of  water 
over  the  bar,  providing  that  portion  of  the  bar  between  the  references 
^^    fifteen  feet  and  seventeen  feet  be  ordinary  material,  as  sand  and  clay, 
f    but  should  this  mass  contain  many  snags,  then  the  amount  available 
et\    will  be  insufficient  to  complete  the  work  to  that  depth. 
efli        An  annual  appropriation  is  or  will  be  required  to  keep  the  channel  at 
^^    the  mouth  of  the  Willamette  Eiver  open.    To  [open  a  channel,  giving 
pfl«    seventeen  feet  of  water  at  the  mouth,  has  cost  the  United  States,  in 
diji    round  numbers,  $13,000.    It  is  probable  that  this  diannel  will  par* 
^   tially  refill  during  the  summer  freshet,  but  in  all  probabiiity  two  months 
^f   dredging  will   again   open   it.    This  will   cost   about   $6,000.     This 
]0   amount  annually  appropriated  would  probably  suffice  to  keep  the  chan* 

nel  at  the  mouth  of  the  river  open. 
^       As  it  is  proposed  to  dredge  Swan  Island  Bar  to  eighteen  feet  of  water, 
0   I  think  it  would  be  advisable  to  request  that  an  additional  appropriation 
^   of  $25,000  be  asked  for;  this,  together  with  one  of  $6,000  for  the 
^      mouth  of  the  river,  would  enable  us  to  work  until  June  30, 1871,  and 
would  probably  complete  a  channel  of  eighteen  feet  of  water  in  the 
Willamette  Kiver  firom  Portland,  Oregon,  to  its  month. 
I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

W.  H.  HEUBR, 

LieuL  of  JSngineeri. 

Bvt  Lieut.  Col.  E.  S.  Williamson,  XT.  8.  A., 
fl^"  Major  of  Engineers. 

'^  San  Fbanoisoo,  February  13, 1869. 

jjjj,<!  OensbaL:  In  compliance  with  orders  from  headquarters  Corps  of 
^$  Engineers,  dated  at  Washington,  September  6,  1868,  I  proceeded  to 
ij^^t  San  Pedro  or  Wilmington,  Califomia,  and  made  an  examination  of  the 
^  harbor  at  that  locality.  Having  been  kindly  furnished  from  the  Coast 
^i  Sorvey  office  at  this  place  with  a  tracing  of  the  Coast  Survey  chart,  scale 
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17^7^9  ^^  ^^^  hydrography  of  the  harbor  and  its  approaches^  a  new  sarvej* 
was  not  necessary,  as  the  chart,  together  with  the  information  I  obtained 
from  personal  examination  of  the  harbor,  has  been  sufBcient  to  enable  me 
to  report  folly  on  the  wants  of  commerce  at  the  locality,  and  prepare  % 
project  for  such  improvements  as  may  be  called  for. 

From  an  examination  of  the  inclosed  chart,  it  will  be  seen  that  the 
harbor  or  bay  is  formed  by  Rattlesnake  Island  and  a  sand  bank  to  the 
south  of  it,  f^m  which  they  are  separated  from  the  main  land  by  a  nir- 
row  but  deep  bay  or  channel,  the  depth  of  water  in  which  is,  for  two 
miles  from  its  entrance,  ten  feet  at  low  water  in  the  shoalest  place,  and 
in  many  parts  of  it  much  deeper.  Between  this  deep  water  and  Wil- 
mington, which  is  three  miles  from  the  entrance  to  the  harbor,  the  water 
is  more  shallow,  the  chart  showing  in  some  places  a  depth  of  bnt  three 
or  four  feet.  At  the  entrance  is  a  shoal  or  bar,  the  consequence  of 
which  is  that  steamships  or  other  large  vessels  are  compelled  to  lay  off 
Deadman's  Island,  nearly  a  mile  from  the  shore,  and  some  foor  miiefi 
from  Wilmington,  and  all  passengers  and  freight  in  coming  to  this  port 
must  be  transferred  to  lighters  in  order  to  pass  over  the  bar.  As  soon 
as  this  is  passed  the  water  deepens  to  from  ten  to  eighteen  feet,  and  ao 
continues  to  within  a  mile  of  Wilmington. 

A  railroad  is  in  process  of  construction  from  the  city  of  Ijos  Angdoi 
to  Wilmington,  and  it  is  contemplated  that  it  shall  terminate  on  Battk- 
snake  Island,  at  the  point  above  referred  to  as  being  about  a  mile  bdov 
Wilmington. 

The  object  of  the  proposed  improvement  is  to  so  remove  the  shoal  at  tiie 
entrance  that  sea-going  vessels  can  reach  contemplated  wharfis  at  the 
railroad  depot. 

An  examination  of  the  harbor  shows  that  Battleshake  Island,  thou^ 
of  low  elevation,  is  not  subject  to  overflow.  At  its  southern  extremitj 
are  a  couple  of  sloughs  with  water  from  seven  to  twelve  feet  in  deptii^ 
and  then  comes  a  broad  flat,  bare  at  low  water,  in  length  about  ttoe 
thousand  feet  to  the  bar  at  the  entrance.  The  plan  proposed  for  the 
improvement  is  to  close  these  two  sloughs,  and  to  build  np,  from  tiie 
southern  end  of  Battlesnake  Island  to  the  point  off  the  bar,  an  artificial 
bank,  so  as  to  partially  or  totally  confine  the  water  of  the  bay  (mnefa  of 
which  now  runs  through  the  sloughs,  and  as  the  tide  rises  overfloir» 
the  flat)  to  the  channel  between  the  islands  and  the  main  land. 

It  is  supposed  that  when  this  is  done  the  increased  velocity  g:iven  to 
the  receding  tide  will  partially  remove  the  bar  or  shoal  at  the  entrance. 
It  is  possible,  though  scarcely  to  be  expected,  that  the  deepening  win 
be  sufficient  to  admit  into  the  bay  vessels  drawing  eight  or  ten  feet  of 
water  at  low  tide.  If,  however,  the  effect  should  prove  not  sufficient  to 
give  the  required  depth  of  water,  then  it  will  be  necessary  to  continue 
the  artificial  bank  as  far  as  Deadman's  Island,  to  the  south  of  which 
the  water  is  much  deeper.  The  bank  is  to  commence  at  A,  (see  line  col- 
ored red  on  the  chart,)  and  continue  eighteen  hundred  feet  to  D,  wha« 
the  sand  bank  comes  again  above  high  water,  forming  an  island  about 
three  hundred  feet  in  width.  From  the  southern  end  of  this  island,  at 
E,  the  bank  should  be  constructed  in  a  right  line,  or  perhaps  better,  in  a 
curve  parallel,  to  the  channel,  two  thousand  feet  to  the  point  B,  opposite 
the  bar.  This  will  form  the  first  section  of  the  proposed  work.  The 
second  section  of  the  bank,  should  its  construction  be  found  necessaiy 
after  the  effect  of  the  first  section  is  proved  insufficient,  will  terminate 
at  Deadman's  Island,  as  shown  on  the  chart  at  0.  A  profile  of  the  two 
sections  is  also  inclosed. 

These  being  the  general  features  of  the  plan  for  this  improvement,  it 
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only  remains  to  consider  its  details  and  the  materials  to  be  used.  I  pre- 
some  it  will  be  admitted  without  question,  that  the  best  material  for 
this  purpose  to  secure  a  permanent  work  is  granite  in  large  masses.  It 
appears  to  me  also  that,  as  the  success  of  the  plan  depends  upon  the 
scouring  effect  of  the  confined  water  of  the  bay,  and  as  it  is  well  known 
that  such  effect  is  produced  almost  entirely  from  half  to  low- water  of 
the  receding  tide,  and  as  the  rise  and  fieill  of  the  tide  does  npt  exceed 
eight  feet,  I  consider  it  will  be  sufficient  to  build  the  bank  but  six  feet 
high  above  low  water.  Moreover,  as  the  force  of  the  waves  will  have 
been  greatly  diminished  before  the  waves  reach  the  shoal  water  on  the 
line  of  tiie  proposed  improvement,  I  consider  that  it  will  be  sufficient  to 
construct  the  bank  with  a  width  at  top  of  fourteen  feet,  and  with  a  slope 
of  one  to  one  on  both  sides  in  the  first  section,  where,  for  the  most  part, 
it  is  naturally  bare  at  low  water,  while  in  the  second  section  it  shoula 
have  a  seaward  slope  of  one  vertical  to  four  horizontal. 

There  is  no  granite  or  other  first-class  material  for  the  proposed  con- 
struction, in  the  vicinity  of  San  Pedro  or  Wilmington,  and,  therefoi*e,  if 
such  material  is  to  be  used  it  must  be  brought  there  in  vessels.  Granite 
of  good  quality  and  of  easy  access  to  the  coast  is  found  at  a  quarry  some 
six  miles  south  of  Monterey,  and  I  find  that  it  can  be  delivered  at  a 
wharf,  ready  for  shipment,  for  $2  per  ton  in  coin.  I  also  find  that  it  wiU 
cost  $4  50  per  ton  in  coin  to  transport  it  from  the  wharf  to  the  imme- 
diate vicinity  of  the  place  where  it  is  to  be  deposited,  and  allowing  $1 
per  ton  more  for  placing  the  blocks  in  position,  I  ha\  e  the  following  as 
an  estimate  of  the  cost  of  the  proposed  improvement  in  coin. 

ESTIMATED  COST  OP  PIKST  SECTION  FBOM  A  TO  B. 

Cost  of  36,673.6  tons  of  granite,  at  $2  per  ton $73, 347  00 

Transportation  from  quarry  to  San  Pedro,  at  $4  50  per  ton    165, 020  7/5 
Placing  same  in  i>osition,  at  $1  per  ton 36, 673  GO 

275,051  25 
-Contingencies,  ten  per  cent 27, 505  12 

Total  cost  of  first  section  in  coin 302, 556  37 


ESTISf  ATED  COST  OP  SECOND  SEOTION  PROM  B  TO  C. 

Cost  of  63,958  tons  of  granite,  at  $2  per  ton $125,916  00 

Transportation  on  same,  at  $4  50  per  ton 283, 311  00 

Placing  same  in  position,  at  $1  per  ton 62, 958  00 

472, 185  00 
Contingencies,  ten  per  cent 47, 218  50 

Total  cost  of  second  section 519, 403  50 

Estimated  total  cost  of  both  sections  in  coin 891, 959  50 


I  consider  that,  by  the  use  of  large  rough  blocks  of  granite,  the  improve- 
ment can  be  made  in  a  more  durable  manner,  and  with  more  certainty 
of  success,  than  in  any  other  way.  It  has  been  suggested,  however,  by 
others  that  the  same  end  may  be  secured  with  less  cost  by  a  bank  of 
materials  of  sufficient  durability  to  last  two  or  three  years^  becausei 
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when  the  bank  is  once  made,  it  will  be  stren^ened  and  increased  in 
size  by  the  natural  accomnlation  of  materials  brought  against  its  a» 
ward  face  by  the  waves.  Mr.  Ed.  A.  Flint,  a  civS  engineer,  now  id 
diarge  of  the  Wilmington  and  Los  Angelos  railroad,  has  suggested  soA 
a  plan,  which  I  consider  worthy  of  careful  consideration.  I  have  requested 
him  to  give  me  a  written  description  of  his  project,  which  he  has  done, 
and  I  respectfully  submit  it  in  an  appendix  to  this  rex>ort^  marked  i 
His  estimate  is  $117,000  less  than  mine  for  the  two  sections.  Theooit 
of  the  first  section  in  currency  will  be  about  $400,000  if  granite  is  used, 
or  $360,000  if  Mr.  Flint^s  plan  is  adopted.  I  resp^tfolly  suggest  M 
should  this  construction  be  decided  upon,  a  sufficient  amount  be  fint 
appropriated  to  complete  the  first  section.  Even  should  the  result  net 
fiolly  secure  the  depth  of  water  necessary  to  admit  large  sea-going  m 
sels,  it  would  certainly  deepen  the  water  to  some  extent,  and  so  far  pnm 
a  permanent  benefit. 

I  inclose,  in  Appendix  B,  a  letter  firom  Mr.  P.  Banning,  of  Wflmingtin. 
giving  statistical  information  of  the  resources  of  the  country  in  its 
vicinity. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  serrantr 

E.  8.  WILLIAMSON, 
Bvt  Lieut.  Col  XT.  8.  A.j  Major  of  Engineers 

Gten.  A.  A.  Humphreys, 

Chief  of  Engineers  U.  8.  A.,  WiMhington^  D.  0. 


WiLMmaTON,  Los  Angeles  County,  Cal., 

January  2, 1869- 

Colonel  :  I  have  the  honor  to  inform  you,  in  reply  to  your  esteemed 
&vor  of  December  23,  'that  there  is  at  least  one  large  steamer  arrives  it 
this  port  every  week,  and  there  are  about  ten  sailing  vessels  irregoltfty 
employed  in  bringing  merchandise  and  lumber  to  and  from  this  plaee. 

For  the  past  year  the  freight  has  amounted  to  a  little  over  fif^^  tlwfr 
sand  tons,  or  about  four  thousand  tons  per  month. 

The  number  of  passengers  is  about  eight  hundred  per  month. 

The  railroad  from  Wilmington  to  I^s  Angeles  will  be  finished  i^ 
July  next,  and  it  is  proposed  to  continue  it  from  there  to  San  Bemardiafc 

The  land  in  this  and  San  Bernardino  County  is,  as  you  are  aware,  tk 
richest  in  the  United  States,  and  annually  produces  tens  of  thousao^ 
of  tons  of  com,  barley,  oats,  and  wheat.  Over  one  million  g^Ionsw 
wine  were  manufactured  last  year,  and  double  this  amount  will  very 
soon  be  made  annually. 

The  cost  of  lighterage  from  Wilmington  to  the  anchorage  (distawf 
about  six  miles)  is  so  great  that  farmers  are  now  unable  to  ship^ 
com  to  a  market. 

Nearly  all  the  troops  and  a  portion  of  the  supplies  for  Arizona  «< 
landed  here. 

In  conclusion,  permit  meto  assure  you  that  there  never  can  be  anypen^*' 
nent  prosperity  in  this  portion  of  our  State  until  we  have  a  good  haibof* 
Very  respectfully,  your  obedient  servant, 

PkmEAS  BAMINft 

Col.  E.  8.  WrLLLiMSON, 

United  8tate8  Engineer  OorpSy  San  FraneiscOy  Calif omUk 
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Wblmington,  Febrmry  3, 1869.  ^ 

Dbab  Snt:  I  have  to  thank  yon  for  your  favor  of  January  16,  and 
for  the  opportunity  it  affords  me  for  further  search  for  material  to  con- 
struct the  breakwater  at  this  port.  I  was  unable  when  I  last  addressed 
^ou  to  enter  into  details,  but  am  in  hopes  to  partially  supply  the  defisciencj 
in  this  letter. 

Starting  at  Battlesnake  Island  and  following  the  line  of  location 
sketched  by  General  Alexander,  we  find  the  first  five  hundred  feet  bare 
at  low  tide,  followed  by  two  channels,  separated  by  a  ridge  of  sand  about 
one  hundred  and  fifty  feet  in  length,  also  bare  at  low  tide,  which  have 
a  depth  of  water  at  low  tide  from  seven  and  one-fourth  to  eleven  and 
one-fourth  feet.  After  leaving  these  channels  we  again  come  to  a  strip 
of  land  about  three  thousand  feet  in  length  of  firmly  packed  sand,  evi- 
dently formed  by  the  sea  wash  from  the  east,  and  through  its  whole 
length  laid  bare  at  low  water.  From  this  point  to  Deadman's  Island  we 
have  another  stretch  of  three  thousand  feet,  which  has  a  depth  of  water 
varying  frt>m  tw5  to  four  feet  at  low  water.  These  distances  and  depths 
of  water  are  taken  from  the  Coast  Survey  map  of  1859.  Since  that  time 
the  sea  appears  to  have  altered  very  considerably  the  profile  of  that 
line  just  described,  particularly  along  that  portion  represented  on  the 
Ooast  Survey  map  as  being  exposed  at  low  water.  At  present  writinjg^ 
a  part  of  it  is  exposed  even  at  high  tide,  showing  that  in  ten  years  a 
very  considerable  quantity  of  sand  and  gravel  has  been  washed  in  by 
the  sea,  and  leading  to  the  conclusion  that  if  nature  could  be  assisted 
by  some  description  of  breakwater  the  deposit  would  increase  much 
JEiaster  on  the  east  side  than  it  has  done,  and  in  a  few  years  not  only 
cover  the  breakwater  itself,  but  also  form  new  land  to  such  an  extent 
that  the  decay  of  the  breakwater  would  be  no  detriment  to  the  value  of 
the  harbor. 

Along  a  portion  of  the  line  above  described,  we  have  seen  that  the 
sea  has  deposited  from  six  to  eight  feet  of  material  in  ten  years,  and 
assuming  that,  with  the  assistance  of  a  breakwater,  at  least  an  equal 
amount  of  deposit  could  be  expected  in  the  next  ten  years,  it  would  then 
only  be  necessary  to  raise  a  structure  of  such  material  as  would  exist 
for  that  length  of  time.  I  have  been  unable  as  yet  to  find  any  quarry 
where  suitable  stone  can  be  found.  A  sufficient  quantity  of  boulders, 
washed  round  by  the  sea,  are  easily  obtained  and  could  be  used  in  tim- 
ber cribs.  Owing  to  their  shape  it  would  be  impossible  to  use  them  with- 
out confining  them  in  some  way.  They  are  in  a  very  convenient  position 
for  the  work,  being  located  on  the  shore  beyond  the  present  San  Pedro 
landing  at  the  south,  and  the  size  of  the  stone  ranges  from  five  to  fifty 
pounds.  It  would  be  necessary,  however,  in  order  to  move  them  to 
advantage,  to  bnUd  about  two  miles  of  railroad,  and  a  wharf,  about  eight 
hundred  feet  in  length,  out  to  such  depth  of  water  as  would  enable  a 
tug-boat  with  lighters  to  come  alongside.  Probably  the  best  timber 
for  cribs  would  ^  the  California  red  wood,  impregnated  with  coal  tar, 
by  placing  the  wood  in  an  air-tight  cylinder,  exhausting  the  air  and 
allowing  the  hot  liquid  to  flow  in  and  fill  the  vacuum.  This  would 
secure  at  least  ten  years'  life  for  the  wood,  from  all  destructive  agencies 
except  the  Teredo  navalisj  and  this  little  creature  would  have  but  little 
chance  to  attack  it  after  the  first  year,  as  it  would  probably  be  covered 
above  the  level  of  low  water  by  that  time. 

In  the  following  sketch  for  a  crib  breakwater,  I  have  allowed  very 
liberally  for  settling  of  cribs  into  the  sand,  probably  much  more  than 
would  actually  take  place,  but  it  has  been  my  endeavor  to  err  on  the 
BBfe  side.    At  the  two  channds,  south  of  Battlesnake  Island|  I  have 
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assnmed  the  average  height  of  crib-work  at  eighteen  feet.  On  foni  tboo- 
eand  feet  of  the  distanoe^  which  is  exposed  at  low  water,  nine  feet  viU  be 
amply  sufficient.  The  balance  of  the  distance  to  Deadman's  IsbuHl  ii 
taken  at  an  average  of  fifteen  feet;  will  allow  the  wall  to  settle <mtt 
average  five  feet  into  the  sand.  The  cribs  themselves  are  estimated  tt 
fliirteen  feet  square  on  bottom,  and  six  feet  in  height^  made  of  twdvebj 
twelve-inch  timber  and  halved  into  each  other  and  bolted«  This  ah^ 
of  crib  is  arbitrary  and  it  is  not  improbable  that  a  better  shape  eorid 
berused.  I  was  governed  in  the  size  by  a  desire  to  have  blocks  wei^ 
ing  about  thirty  tons,  and  also  to  have  a  size  convenient  to  fill  fin 
lighters,  while  to  add  to  the  strength  of  the  wall  they  could  be  laid  to 
break  joints. 

To  guide  the  cribs  in  settling  and  to  assist  in  passing  a  raihtNid,! 
estimated  for  a  double  row  of  piles  on  either  side,  with  longitodiial 
stringers  and  cross-ties,  all  of  twelve  by  twelve-inch  timber,  (Orefoi 
pine,)  the  piles,  of  course  round,  at  least  fourteen  inches  at  butt  witimt 
bark,  thirty  feet  in  length,  and  protected  with  coal  taf. 

You  may  consider,  upon  examination  of  the  following  estinat^ 
that  on  four  thousand  feet  of  the|distance,  where  I  have  allowed  for  cn> 
work  nine  feet  high,  that  I  have  been  more  liberal  than  necessary,  avi 
I  have  no  doubt  that  a  careful  examination  might  reduce  this  conndfr 
ably;  yet  I  have  concluded  to  submit  these  figures  for  yonrconsideratioL 
with  the  hope  they  will  be  sufficiently  large  to  accomplish  the  deaind 
object. 

Board 


400  feet  crib-work.  18  feet  deep,  100  cribs,  13x13x6=  600, W 
4,000  feet  crib-work,  9  feet  deep,  500  cribs,  13x13x6—  3,000,001 
2,600  feet  crib-work,  15  feet  deep,  500  cribs,  13x13x6=      3,000,011) 

6,000,0(11 


At  $50  per  M $363,000» 

8.000  pUes,  30  feet  long,  at  $15 $12O,O00» 

Cappiuff  and  tie  beams,  400,000,  at  $50 20,000 » 

Bolts,  20  tons 4,000» 

30,000  tons  of  stone,  at  $4 120, 000 « 

627,OO0i» 

Before  closing  I  would  state  that  I  have  recently  been  informed  M 
there  exists,  some  ten  miles  beyond  Los  Angeles,  a  hill  containing oem^ 
with  hydraulic  pro{>erties,  and  that  the  fountain  at  the  Lafayette  H«ri 
in  Los  Angeles  was  laid  with  this  materiaL  General  Banning  ^ 
already  sent  for  some  of  this  material  to  experiment  upon.  If  it  show 
prove  to  be  true  that  hydraulic  lime  can  be  obtained,  it  would  be  a  cot 
paratively  easy  matter,  upon  the  completion  of  the  railroad  this  saiDiD|6^ 
to  place  this  cement  on  the  spot  we  should  need  it,  at  quite  reason^ 
figures ;  and  with  the  sand,  gravel,  and  such  stone  as  could  be  obttfo^ 
we  should  be  able  to  dispense  with  lumber  altogether  and  build  ^ 
blocks  of  stone  as  desired. 

I  remain,  your  obedient  servant, 

BDWAED  A.  FLOT- 

Gol.  B.  S.  Williamson, 

United  States  Engineers^  San  Francisco. 
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V  3. 

Office  of  the  Ohiep  of  Enoineebs, 

WasMnfftonj  D.  a,  July  3, 1869. 

Sib:  I  beg  leave  to  submit  for  your  approval  a  contract  proposed  to 
be  entered  into  by  Brevet  Lieutenant  Colonel  B.  S.  Williamson,  Corps 
of  Engineers,  and  A.  W.  Von  Schmidt,  civil  engineer,  for  the  removal 
of  Blossom  Eock,  in  the  harbor  of  San  Francisco. 

Blossom  Bock  is  a  hard,  sandstone  rock,  only  five  feet  under  water  at 
low  tide,  lying  in  an  exposed  situation,  about  midway  between  Alcatraz 
and  Yeroa  Baena  Islands.  At  a  depth  of  twenty-four  feet  at  mean  low 
tide,  its  length  is  about  one  hundred  and  ninety  feet  and  width  one 
hundred  feet. 

Experiments  in  blasting  this  rock  were  made  in  the  winter  of  1866-'67 
by  Lieutenant  Heuer,  Corps  of  Engineers,  under  the  direction  of  Lieu- 
tenant Colonel  Williamson,  from  which  it  was  estimated  that  the 
probable  cost  of  its  removal  would  be  about  $60,000. 

As  these  experiments  attracted  attention  at  the  time,  Brevet  Briga- 
dier General  Alexander,  Corps  of  Engineers,  and  Mr.  A.  W.  Von  Schmidt, 
a  well  known  civil  engineer  of  San  Francisco,  who  has  had  experience 
in  works  of  this  character,  voluntarily  submitted  plans  for  the  removal 
of  this  rock. 

General  Alexander  proposed  to  excavate,  by  the  aid  of  a  coffer  dam, 
radial  chambers  in  the  rock,  for  the  reception  of  heavy  charges  of 
powder,  to  be  simultaneously  exploded,  the  fragments  afterward  to  be 
removed  by  dredging  or  other  means.  His  estimate  was  $41,000,  for 
blasting  alone,  as,  from  the  uncertainty  of  the  effects  of  the  blast,  no 
estimate  could  be  formed  of  the  cost  of  removing  the  debris. 

Mr.  Von  Schmidt's  plan  was  to  excavate  the  rock  in  such  a  way  as  to 
leave  but  a  shell  upon  the  surface,  which,  when  the  explosion  took  place, 
would  fall  into  the  excavation  and  leave  a  uniform  depth  over  the  spot. 
His  estimate  was  $75,000,  for  the  entire  removal  of  the  rock  and  its 
debris  to  a  depth  of  twenty-four  feet. 

Believing  other  persons  might  be  found  willing  to  undertake  this  with 
other  and  perhaps  better  plans,  proposals  were  invited  by  advertisement  in 
both  eastern  and  western  newspapers  for  the  space  of  two  months, 
which  resulted  in  but  two  bids,  one  from  the  above-mentioned  Mr.  Von 
Schmidt,  and  another  from  Mr.  Greo.  W.  Townsend,  the  contractor  who 
removed  Tower  Bock  in  Boston  harbor. 

Mr.  Townsend  proposes  to  furnish  all  materials,  machinery  and  labor, 
and  to  do  the  work  at  $125  per  day,  without  specifying  the  number  or 
days  required,  or  insuring  any  certain  amount  of  work  to  be  done  in 
any  specified  time. 

Mr.  Yon  Schmidt,  without  confining  himself  to  any  particular  plan  of 
operations,  offers  to  remove  the  rock  to  a  uniform  depth  of  twenty-four 
feet  in  eighteen  months,  for  the  sum  of  $75,000,  and  to  receive  no  com- 
pensation whatever  until  after  "and  upon  the  full  and  complete  per- 
formance'^ of  his  contract. 

Taking  into  consideration  the  great  uncertainty  of  work  of  this  nature, 
Mr.  Yon  Schmidt's  proposition  appears  the  more  advantafi^eous  of  the 
two,  as  the  government  runs  no  risk  from  his  failure,  while  should  he 
not  succeed,  we  may  profit  by  his  experience  in  forming  future  plans  for 
accomplishing  the  object  in  view. 

I  respectfully  recommend  that  his  contract  with  Lieutenant  Colonel 
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Williamson  be  approved.    K  approved^  an  additional  allotment  of  tS,M 
win  be  required  for  the  work,  which  I  recommend. 
Very  respectfolly,  your  obedient  servant. 

A.  A.  HUMPHBETS, 
Brig,  Om.  and  Chief  of  Engniean 
Hon.  John  A.  Bawlins, 

Secretary  of  War. 

Approved  by  the  Secretary  of  War,  July  7, 1869.  

ED.  SCHEIVBB, 
Inspeetor  OeienL 


Headquabtebs  Gobps  of  Engineebb, 

Washington^  D.  (7.,  February  24,  im 

Genbbal:  In  compliance  with  the  resolution  of  the  House  of  B^ 
sentatives  of  the  28th  of  January  last,  I  herewith  transmit  a  plan  ud 
estimate  for  the  improvement  of  Bondout  Harbor  19  ew  York,  prepand 
by  Brevet  Major  General  John  Siewton,  lieutenant  colonel  of  engineefi 
I  concur  in  the  recommendations  made  in  this  report. 
Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHBETS, 
Brigadier  General  ofEngineerSj  Comma/iidi$f 

Maj.  Oeu.  J.  M.  Sohofield, 

Secretary  of  War. 


San  Fbanoisoo,  Cal.,  October  3, 186& 

Colonel:  Since  the  passage  of  an  appropriation  by  Congress  fortlfl 
removal  of  ^^  Blossom  Bock"  in  this  harbor,  I  have  been  tMnkingfroi 
time  to  time  as  to  the  most  practicable  way  of  getting  rid  of  that  vA 
and,  having  arrived  at  a  conclusion  on  the  subject  which  is  satisfaetoiy 
to  my  own  mind,  I  venture,  inasmuch  as  it  differs  from  the  prooestf 
usually  followed,  to  communicate  it  to  you  for  your  information. 

I  understand  that  you  are  charged  with  the  execution  of  this  wni 
but  when  I  assure  you  that  I  have  no  desire  to  interfere  in  any  maaoff 
with  your  duties,  I  feel  confident  that  this  assurance,  taken  in  connecftii 
with  our  personal  relations,  will  relieve  me,  in  your  mind,  from  tff 
other  wish  in  the  matter  than  to  see  this  work  prosecuted  to  completio 
in  the  cheapest  and  speediest  manner.  I  send  you,  therefore,  witboX 
apology,  a  sketch  which  will  explaiu  my  ideas  on  the  subject,  togetbff 
with  a  description  of  the  proposed  operations. 

Having  had  considerable  experience  in  such  matters,  particularly^ 
bmlding  a  coffer  dam  around  the  site  of  Fort  Bichmond,  Staten  Islm 
when  that  fort  was  commenced,  I  will  add  that  I  have  no  doubt  of  * 
entire  practicability  of  putting  the  proposed  dam  on  '<  Blossom  Rock'B 
the  manner  proposed,  nor  have  I  any  doubt  but  that  it  may  es^^ 
made  practically  watcur-tight. 

It  then  becomes  a  question  of  sinking  a  shaft  and  tunneling  Qwff 
the  rock.  There  will  be  no  trouble  in  this  operation  if  the  rock  iff^ 
will  keep  out  the  water. 

On  this  point  it  is  impossible  to  pronounce  judgment  before  invew* 
gation.  If  the  rock  is  Uke  that  at  Lime  Point,  or  at  Angel  Is)^^  * 
at  Alcatraz,  or  Yerba  Buena,  or  Point  San  Jos^,  the  leakage  intotv 
tunnels  will  be  small  and  but  little  pumping  will  be  required. 

I 
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I  There  can  be  no  donbt,  if  these  tnnnels  can  be  made  without  lining,  that 

this  will  be  the  cheapest  and  most  expeditious  way  of  removing  the  rock. 

Should  it  be  found,  however,  (of  which  I  have  little  fear,)  that  the  tunnels 

cannot  be  made  as  I  have  designed  them,  I  think  you  would  find  such  a 

I       dam  as  that  proposed  of  great  assistance,  whatever  plan  of  operations 

you  might  then  be  forced  to  adopt.    It  would  give  you  a  fixed  point  on 

the  rock,  which  will  be  the  first  requisite  in  enabling  holes  to  be  drilled 

into  the  rock.    If  you  undertake  to  drill  for  blasting,  I  think  you  will  find 

a  fixed  point  for  your  drills  absolutely  necessary. 

[  Again,  the  coffer  dam  would  enable  you  to  build  a  barrack  and  black- 

n       smiles'  shop  upon  it,  where  the  workmen  could  live  and  be  always  on 

hand  to  take  advantage  of  good  weather  and  favorable  tides;  saving 

thereby  to  a  great  extent  the  expense  of  vessels  for  the  transportation 

I       of  workmen  and  tools. 

I  have  not  attempted  to  make  the  sketch,  or  the  description,  in  such 

minute  detail  as  will  be  necessary  before  commencing  such  operations. 

All  I  proposed  to  do  was  to  present  a  plan  in  outline,  to  show  the 

inracticability  of  such  an  undertaking,  with  such  hints  as  would  serve  as 

an  indication  of  the  course  to  be  followed. 

I  do  not  propose  for  you  to  adopt  the  plan  I  have  suggested,  on  mj 
responsibility.  In  an  undertaking  of  this  sort,  where  there  is  a  possi- 
bilitiy  of  failure,  it  is  proper  that  the  mode  of  proceeding  should  receive 
fiill  investigation,  and  then  the  engineer  department  should  assume  the 
responsibility  for  whatever  plan  may  be  finally  adopted. 

While,  therefore,  I  do  not  hesitate  to  say  that  if  I  were  charged  with 
the  removal  of  ^'  Blossom  Bock,"  I  woidd  urge  the  department  to  sanction 
the  plan  I  have  prepared  for  that  purpose,  all  I  can  ask  of  you  is,  that 
you  will  forward  this  plan,  with  the  written  description,  and  a  copy  of 
this  letter,  to  the  Chief  of  Engineers  for  his  information. 
Very  respectfully,  your  obedient  servant, 

B.  L.  ALEXANDER, 
Lieut  Ool.  of  Engineers^  Bvt  Brig.  Oen.  U.  8.  A. 

Col.  R.  S.  Williamson, 

Corps  of  Engineers  U.  S.  A.,  San  FranciscOy  OaL 


BLOSSOM  BOCK. 

This  is  a  sunken  rock  in  the  harbor  of  San  Francisco,  with  about  five 
feet  of  water  upon  it  at  low  wat<er.  It  is  situated  a  little  over  three- 
quarters  of  a  mile  fix)m  the  city  front,  and  is  in  the  track  of  vessels 
approaching  the  city  from  the  ocean,  or  in  going  to  sea,  and  is  directly 
in  the  way  of  vessels  running  to  and  from  the  Sacramento  and  San  Joa- 
quin Rivers.  The  length  of  the  rock  above  the  level,  which  would  give 
twenty-four  feet  of  water  over  it  at  low  waten  is  about  180  feet.  Its 
breadth  above  this  level  is  about  one  hundred  feet. 

The  removal  of  so  large  a  rock  by  surface  blasting  will,  I  fear,  be  a 
long  as  well  as  an  expensive  undertaking.  After  a  good  deal  of  reflec- 
tion on  the  subject,  I  have  arrived  at  the  conclusion  that  it  may  be  done 
in  a  single  season,  and  at  greatly  reduced  cost,  by  undermining  the  rock, 
making  a  number  of  powder  chambers  under  it,  and  blowing  the  whole 
rock  to  pieces  at  a  single  operation.  To  do  this,  I  propose  to  inclose  a 
small  surface  of  the  rock  by  a  water-tight  coffer  dam.  In  this  space  to 
a  rectangular  shaft,  about  four  feet  by  nine  feet,  which  is  >0ie  size 
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I  have  seen  in  oobI  mines.  From  the  bottom  of  this  shaft  to  nm  tamMii 
and  make  powder  chambers  in  snch  positions,  that  when  exploded,  the 
whole  rock  down  to  the  level  of  twenty -fonr  feet  below  the  levd  U 
low  water  will  be  lifted  into  the  air  and  shivered  to  pieces. 

DESGBEPTION  OF  THE  PSOPOSED  OPERATIONS. 

I  propose  in  the  first  place  to  blast  off  a  small  portion  of  tiie  t»ptf 
the  rock,  by  what  we  call  surface  blasting,  down  to  about  the  referan^ 
of  ten  feet,  or  ten  feet  below  low  water.    This  is  for  the  purpose  of  fiir- 
nishing  a  comparatively  level  surface  upon  which  to  build  a  coffer  daa. 
This  blasting  operation  will  consist  in  lo^^ering  down  charges  of  froa 
one  hundred  to  three  hundred  pounds  of  gunpowder  to  the  soifiMeflf 
the  rock,  over  the  part  to  be  removed,  in  water-tight  vessels,  uid  exiMr 
ing  them    by  means  of  Beardslee's   magneto-electric  machine,  ud 
afterward  removing  the  shattered  i>ortions  of  the  rock  by  men  in  aimA 
It  will  not  be  necessary  to  try  to  get  a  smooth  surface.    All  that  is 
necessary  is  to  get  a  sorface  upon  which  the  coffer  dam  will  ataiuL 
(See  Figs.  1,  2,  and  3.)    This  operation  will  be  a  little  tedious,  hot  wi 
not  be  very  eispensive,  as  the  quantity  of  rock  to  be  removed  is  smril 
and  but  few  men  will  be  employed  in  it.    There  is  no  doubt  of  its  entin 
practicability.    In  fact  it  is  believed  that  the  whole  rock  to  any  reqoM 
depth  might  be  removed  by  this  process,  the  only  objection  being  A6 
great  cost.    It  ia  probable  that  nitro-glycerine  or  giant  i>owder,  owiog 
to  their  powerful  local  effects  in  shattering,  would  prove  a  moreefBdoit 
agent  for  this  surface  blasting  than  gunpowder.    This  being  done,! 
propose  to  firame  a  strong  coffer  dam  of  twelve-inch  square  timber,  tf 
shown  in  Figs.  4  and  5.    This  may  be  built  on  shore  and  made  water- 
tight.   It  should  be  built  up  so  as  to  be  thirteen  feet  high  before  launcluB^ 
It  will  then,  if  built  of  Oregon  pine,  draw  about  ten  feet  of  water,  ari 
may  be  easily  towed  out  and  anchored  over  the  spot  where  it  is  to  l« 
placed.    It  will  then  just  ground  on  the  rock  at  low  water,  and  by  the 
aid  of  ballast,  say  bags  of  sand  placed  upon  platforms,  or  oth^wi^ 
fastened  to  the  dam,  be  prevented  from  floating  as  the  tide  rises.  If  ^ 
does  not  ground  in  exactly  the  right  place  at  the  first  trial,  the  bags  of 
sand,  may  be  removed,  when  it  will  float  again,  and  its  position  may  thes 
be  altered  at  the  next  low  water.    A  sufficient  number  of  mooring  baoyj 
will  have  to  be  placed  around  the  rock  during  this  operation,  to  enable 
the  coffer  dam  to  be  drawn  exactly  into  the  required  position.   WiflB 
it  has  been  finally  placed  it  may  be  loaded  with  sand-bags  or  other  W* 
last  spiked  to  the  sides,  or  piled  in  temporary  platforms  so  arraDged  tf 
to  be  easily  removed  afterward,  and  the  construction  completed  i^ 
carrying  it  up  to  the  required  height,  say  to  the  reference  ten  feet  or 
five  feet  above  high  water.    Having  got  it  built,  I  would  next  plan^  ^ 
over  and  load  it  down  securely  with  ballast,  taking  care  to  have  vas^ 
holes  in  each  of  its  ten  compartments.    I  would  then  put  down  sboetiof 
piles  both  outside  and  inside  of  the  dam.    I  have  supposed  them  to  w 
three  inches  thick  and  rather  narrow,  say  nine  inches  wide.    It  is  n» 
supposed  that  these  sheet  piles  can  be  driven  into  the  rock,  bat  by  cot- 
ting  the  lower  ends  to  a  feather  edge  they  may  be  driven  down  unffl  tM 
lower  ends  crush  into  the  crevices  of  the  rock,  stopping  to  agreatext^ 
the  flow  of  water  under  the  dam.    I  have  supposed  that  there  aret^ 
rows  of  these  sheeting  piles  both  outside  and  inside.    The  s^<^"^,  ^ 
may  or  may  not  be  necessary.    These  piles  should  be  bored  ^^*^^^ 
to  receive  several  six-inch  spikes,  and  after  each  pile  has  been  aeooiev 
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placed  against  the  dam,  and  against  the  sheet  pile  last  driven,  a  man  in 
armor  should  go  down  and  drive  the  spikes  so  as  to  hold  it  in  position. 
This  being  completed,  the  next  operation  wiU  be  to  fill  up  the  inside  of 
the  dam  so  as  to  make  it  water-tight.  I  have  supposed  that  we  will  use 
concrete  placed  in  bags  to  fill  it  up  to  the  low- water  level,  though  it  is 
altogether  likely  some  cheaper  material  may  be  found  to  answer.  II 
bags  of  concrete  are  used,  they  should  be  about  half  filled,  and  of  such 
a  size  as  not  to  weigh  more  than  fifty  or  seventy-five  pounds  when 
immersed  in  the  water.  TVlien  ready  to  be  put  in  place,  a  man  in  armor 
would  go  down  into  one  of  the  compartments  of  the  dam  and  place  them 
in  the  crevices  of  the  rock,  taking  care  to  fill  up  solidly  the  spaces  under 
the  timbers,  particularly  below  the  timbers  which  connect  the  inside 
with  the  outside  wall  of  the  dam,  under  which  there  would  otherwise  be 
leakage.  To  give  room  for  this  operation  it  might  be  better  to  firame 
these  lower  timbers,  say  six  inches  above  the  bottom  of  the  outer  and 
inner  timbers,  though  they  are  not  so  represented  in  the  drawing. 
Having  these  spaces  under  the  timbers  securely  filled,  all  the  men  down 
there  would  have  to  do  would  be  to  kick  the  concrete  bags  into  place 
and  walk  over  them  as  they  were  lowered  down  until  the  compartment 
was  filled.  The  concrete,  if  made  of  good  cement,  would  soon  harden 
and  the  cement  would  come  through  the  bags  so  as  to  unite  them  and 
make  a  watertight  mass.  I  would  recommend  that  this  concrete  be 
•placed  in  layers  of  about  two  feet  in  thickness,  carrying  it  up  a  layer  of 
about  that  thickness  each  day.  The  concrete  being  all  in  position,  the 
upper  portion  of  the  dam  is  to  be  filled  up  with  clay  or  some  other 
water-tight  material.  The  middle  compartment  of  the  dam  is  to  be  kept 
open,  and  it  is  supposed  when  the  dam  has  been  finished  in  the  manner 
described,  that  this  compartment  will  be  practically  water-tight.  All 
that  is  necessary  therefore  to  reach  the  surface  of  the  rock  within  this 
space,  will  be  to  pump  the  water  out  of  it.  If  the  dam  is  found  not  to 
be  entirely  water-tight,  it  may  easily  be  made  so  by  calking  between 
the  inside  sheeting  piles,  and  between  their  lower  ends  and  the  surface 
of  the  rock. 

We  are  now  prepared  to  sink  a  shaft  into  the  rock.  I  have  supposed 
it  to  be  four  feet  by  nine  feet  in  the  clear,  leaving  a  ledge  of  twelve 
inches  between  its  edges  and  the  face  of  the  sheeting  piles  on  the  inside. 
I  suppose  that  this  shi^  will  be  sunk  so  that  its  bottom  will  be  in  the 
reference  of  thirty-six  feet,  and  at  this  level  small  tunnels  will  be  run 
under  the  rock,  as  shown  in  plan  in  Fig.  1,  and  in  section  in  Figs.  2  and 
3.  At  the  ends  of,  and  in  these  tunnels,  fifty-five  separate  chambers  for 
powder  will  be  placed,  as  shown  in  plan,  and  connected  by  insulated 
wires  with  the  battery  or  machine  for  exploding  them.  Water  will  then 
be  admitted  through  the  sluice  for  tamping,  and  the  whole  space  filled, 
pumping  water  into  Che  middle  compartment  until  it  is  filled  to  the  top 
or  reference  of  ton  feet.  The  mines  may  be  fired  simultaneously  by  the 
use  of  about  three  of  Beardslee's  machines.  In  consequence  of  the  great 
depth  of  the  charges,  I  would  recommend  that  the  explosion  take  place 
at  low  wator.  I  propose  so  to  a^ust  the  charges  in  the  chambers,  that 
all  the  rock  above  the  reference  of  twenty-four  feet  will  be  blown  up,  shat- 
tered, and  broken  to  pieces.  Much  of  it  will  fall  back  again,  but  the 
currents  will  rapidly  remove  a  great  part  of  it,  and  the  remainder  may 
then  be  scraped  off  into  deep  wator,  sending  down  men  in  armor  when 
necessary  to  fasten  to  pieces  that  may  prove  too  heavy  to  be  scraped  o& 
The  quantity  of  powder  that  would  he  necessary  to  lift  the  rock  and 
the  water  above  the  mines  would  be  about  thirteen  thousand  pounds, 
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but  as  it  will  be  desirable  not  only  to  lift  the  rock,  bat  to  break  it  np 
into  small  pieces,  and  blow  it  away  as  much  as  possible,  I  ▼oold 
recommend  that  abont  doable  this  quantity  of  powder  be  used,  say 
twenty-six  thonsand  ponnds;  the  qaantity  of  powder  in  each  chamber 
being  proportioned  to  the  weight  it  will  have  to  lift,  or  to  the  work  ik 
will  have  to  do. 

ESTIMATED  OOST. 

Blasting  off  and  removing  top  of  rock  to  receive  the  coffer- 
dam, 150  cubic  yards,  at  $40 $6,000  ^ 

Building  coffer-dam,  61,500  feet  of  timber,  at  $40  per  M, 

including  workmanship  and  materials 2,460  (1 

Cost  of  placing  frame-work  in  position,  say 1,000  61 

Oost  of  sheeting  piles,  20^00  feet,  board  measure,  at  $40, 

including  spikes 812  (HI 

Oost  of  placing  the  same,  say  $1  per  piece 452  N 

Oost  of  concrete,  200  cubic  yards,  at  $16 3,000  00 

Oost  of  clay  filling,  200  cubic  yards,  at  $3 OOOOI 

Oost  of  planking  over  the  dam,  joists  and  covering,  5,000 

feet,  at  $40  per  M 200  « 

Oost  of  shaft  with  enlargement  at  bottom,  40  cubic  yards, 

at  $10 400l» 

Oost  of  tunnels  and  powder  chambers,  778  running  feet,  at 

$15 11,670  « 

Oost  of  powder,  say  26,000  pounds,  at  10  cents 2,600  W 

Oost  of  55  packages,  and  placing  tne  same,  at  $20 1, 100  M 

Oost  of  engine  for  pumping  and  hoisting 2,000  N 

Oost  of  pump  and  fixtures 1,000W 

Oost  of  derrick  and  rigging 1, 000  W 

Add  for  contingencies,  including  barrack  and  smith's  shop 
over  the  dam,  use  of  boats,  superintendence  and  unfore- 
seen expenses,  say  20  per  cent 6,838  W 

Total,  (in  coin) 41,132(111 

1  do  not  make  any  estimate  of  the  cost  of  removing  the  broken  loek 
after  it  has  been  blown  to  pieces,  because  it  is  impossible  beforehand  to 
tell  what  operations  will  be  necessary  in  order  to  accomplish  this  object 
If  the  rock  is  anything  like  that  at  Lime  Point-,  and  if  it  is  shafctm 
like  the  blasts  there  have  shattered  that  rock,  the  currents  in  the  count 
of  a  year  would  remove  the  gi^eater  portion  of  it.  But  if  it  should  bei 
stronger  rock,  and  come  out  in  larger  masses,  it  would  have  to  ^ 
removed  by  mechanical  operations  and  at  considerable  cost,  which,  hof* 
ever,  would  be  far  less  by  having  the  whole  rock  broken  to  pieces,  down 
to  the  required  depth,  than  would  be  the  case  if  the  rock  had  to|||| 
blown  up  by  piece-meal,  involving  a  removal  of  the  debris  after  eadi 
successive  series  of  blasts. 

B.  L.  ALEXANDER, 
Lieut.  Ool.  JBngineerSj  Bvt.  Brig.  Gen.  JJ.  8.  i* 


Saj^  Fbaiyoisoo,  Ifovember  20, 1808; 
Sm:  I  have  the  honor  herewith  to  submit  to  you  a  plan  and  descrip- 
tive specifications  for  the  removal  of  Blossom  Bock,  in  the  Bay  of  Sas 
Francisco,  Oalifomia. 
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Blossom  Bock,  so  called,  is  a  simken  rock  so  well  known  that  I  con- 
sider a  description  of  its  locality  unnecessary  for  these  specifications, 
and  shall,  therefore,  proceed  witibi  explaining  my  plan  for  removing  the 
same;  reference  being  had  to  the  annexed  plan,  in  which — 

Plan  A  represents  the  mode  and  manner  of  constructing  the  necessary 
machinery  for  working  out  the  interior  of  the  rock. 

Ko.  1  represents  the  longitudinal  section  through  c  d. 

Ko.  2  represents  transverse  sections  of  rock  through  K  L  as  repre- 
sented on  the  plat  of  survey  made  by  Edward  Oordell,  assistant  United 
States  Coast  Survey,  February,  1867. 

The  first  object  in  view  is  a  thorough  removal  of  the  rock,  so  that  ves- 
sels drawing  twenty-four  feet  of  water  will  be  able  to  pass  over  the  same 
at  low  tide.  To  accomplish  this,  the  mere  blasting  and  breaking  up  of 
the  rock  would  not,  in  my  opinion,  accomplish  the  desired  object,  as  the 
rock  in  broken  masses  would  still  form  an  obstruction  to  the  navigation 
of  the  harbor.  I  have,  therefore,  matured  a  plan  by  which  the  entire 
rock  itself  shall  be  excavated  in  chambers,  as  shown  by  the  accompany- 
ing plan  marked  A,  Kos.  1  and  2. 

The  rock  taken  out  of  the  interior  copartments  will  be  removed  through 
a  shaft  and  discharged  into  deep  water  alongside  the  rock;  and  when 
the  whole  inside  of  the  rock  shall  have  been  removed  I  prox>ose,  finally, 
to  blast  the  crust  over  the  chamber,  and  drop  the  same  to  the  bottom 
of  the  excavation. 

To  accomplish  this,  the  following  mechanical  arrangements  will  be 
necessary.  I  make  my  lodgment  on  the  highest  point  of  the  rock,  which 
is  nearly  or  quite  level  at  tMs  point,  being  five  feet  under  low-water  line, 
and  having  a  suficient  area  for  the  works  necessary  to  be  constructed. 
I  moor  a  scow  for  working  purposes  in  the  position  required;  I  then 
place  a  boiler-iron  case,  nine  feet  in  diameter  and  thirteen  feet  high, 
with  flanges  on  the  lower  end,  on  the  top  of  the  rock.  This  flange  has 
a  canvas  apron  three  feet  wide  running  entirely  around  it,  and  lying  on 
the  rock.  I  then  place  a  lot  of  sand  bags  on  the  top  of  the  canvas  apron, 
and  around  the  case;  and  to  secure  the  case  I  use  one  and  a  half  inch 
round  iron  rods,  the  ends  of  which  are  firmly  secured  into  the  rock  by 
''Lewis  holes,"  tumbuckles  are  also  placed  on  each  rod  for  the  purpose 
of  tightening  them  up  from  all  sides.  After  this  is  done  I  pump  out 
what  water  there  is  in  this  case,  and  make  an  excavation  into  the  rock 
downwards,  for  the  purpose  of  erecting  the  main  case,  which  is  of  boiler- 
iron,  six  feet  in  diameter,  and  seventeen  feet  in  height.  This  is  set 
within  the  outside  caaing,  and  alsofijmly  set  into  the  rock  and  secured  with 
anchor  bolts,  in  the  same  manner  as  with  the  first  case.  After  this  is 
done  I  fill  all  cracks  between  the  casing  and  the  rock  with  Eoman  cemen^ 
excluding  the  water  from  the  interior  iron  casing.  When  it  is  found 
that  the  leakage  has  been  thoroughly  stopped,  and  the  platform  erected 
as  represented  in  the  plan,  I  commence  sinking  a  shaft  down  through 
and  into  the  main  body  of  the  rock  to  the  depth  required;  at  which  point 
I  place  a  pump  for  removing  such  water  as  may  be  encountered  in  carry- 
ing on  the  work.  From  the  bottom  of  the  shaft  I  commence  tunneling 
the  rock  in  all  directions.  As  fftst  as  the  rock  is  worked  it  is  brought 
to  the  center  shaft  through  the  different  tunnels  and  placed  in  a  tub, 
when  it  is  hoisted  by  steam  and  discharged  alongside  the  rock  into  deep 
water  by  means  of  the  swinging  derrick. 

The  rock  that  will  remain  between  the  excavation  and  the  water  will 
be  about  six  feet  in  thickness,  supported  by  pillars  four  feet  square  and 
ten  feet  apart  from  center  to  center.  It  is  proi>osed  to  remove  most  of 
these  pillars  when  the  rock  shall  have  been  tunnelled  and  to  set  up  in 
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their  place  wooden  supports  as  often  as  may  be  required  to  sustain  tti 
weight  over  head.  When  this  entire  mass  of  rock  shall  have  been  esn- 
vated  the  works  will  be  in  readiness  to  receive  the  several  packages  of 
powder,  in  such  quantities  as  shall  be  thought  necessary,  the  wins 
b^g  laid  to  the  several  torpedoes  and  connecting  with  a  magnetic  bit- 
tery  placed  in  a  vessel  near  by.  The  chamber  is  to  be  filled  with  wate 
and  the  torpedoes  fired  by  the  battery  simultaneously;  when  it  is  sap- 
posed  that  the  entire  shell  of  rock  will  be  broken  into  small  pieces 
and  be  precipitated  to  the  bottom,  the  timber  supports  fioating  out, 
and  the  work  completed  in  all  its  details. 

All  of  which  is  most  respectfully  submitted, 

A.  W.  VON  SCHMIDT, 

Civil  JEnginMr. 
Lieut.  OoL  W.  R.  Williamson,  U.  8.  A., 

M<yar  of  Engineers. 


Sai^  Francisco,  November  20, 18d& 

Sib:  I  have  the  honor  herewith  to  submit  to  you  a  plan  for  the  re- 
moval of  Blossom  Bock,  together  with  a  description  of  doing  tlie  woii 
I  will  remove  the  said  rock,  in  accordance  with  the  pkui  as  proposed 
by  me,  in  the  space  of  eighteen  months  from  the  time  of  signing  ^e  eon- 
tract,  for  the  sum  of  seventy-five  thousand  dollars,  currency  of  the  United 
States,  giving  such  bonds  as  shall  be  required  for  the  fiaithM  perfoni- 
ance  of  the  work. 

Yours,  respectfully, 

A.  W.  VON.  SCHMIDT. 
Lieut.  Col.  W.  R.  Williamson,  U.  S.  A., 

Major  of  Engvneers. 


San  Fbancisco,  November  23, 1868. 

Genbbal  :  In  my  letter  to  you  of  September  22, 1  had  the  honor  to 
express  the  opinion  that  the  only  way  of  removing  Blossom  Bock  was 
by  drilling  deep  holes  in  it,  in  which  to  place  explosive  materials.  The 
recent  experiments  on  John  Day  Sock,  in  the  Upper  Columbia,  showed 
the  practicability  of  that  method,  and  the  frame  devised  by  Mr.  Heoer 
was  successfully  used;  nevertheless,  the  method  of  drilling  was  todioo^ 
and  expensive,  and,  as  stated  in  that  letter,  the  rock  should  be  removed 
to  more  than  eighteen  feet  from  low  water  mark. 

The  recent  duty  to  which  I  have  been  assigned  on  the  Pacific  r^ 
road,  and  the  usual  heavy  rains  in  December  and  January,  have  dedded 
me  to  defer  the  commencement  of  operations  for  two  or  three  months; 
and  recently  other  methods  of  removing  the  rock  have  been  suggested, 
which  I  consider  worthy  of  serious  attention. 

General  Alexander  has  sent  me  a  project  with  drawings,  for  lemoTiog 
the  rock,  which  I  inclose.  It  consists  essentially  of  placing  a  coffi^ 
dam  of  timber  over  the  rock,  pumping  out  the  inclosed  water  and  &3^' 
ing  a  vertical  shaft,  from  the  bottom  of  which  horizontal  radial  chtfo* 
bers  are  excavated  for  the  reception  of  powder.  Veiy  heavy  charge 
then  being  placed  under  the  rock,  it  is  presumed  their  explosion  wiU 
shatter  and  break  it  up,  and  the  fragments  are  to  be  removed  by  dredg- 
ing or  otherwise.  His  estimate  for  the  excavations  aud  blasting  ^ 
$41,132  in  coin,  equivalent  to  $56,345  in  United  States  legal  tender  note« 
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at  73  cents,  their  present  price  in  this  market,  but  it  does  not  include 
lAie  cost  of  removing  the  debris^  for  which  no  data  was  at  hand.  A 
second  project  has  also  been  submitted  to  me  by  Mr.  A.  W.  Yon  Schmidt, 
a  prominent  dvil  engineer  of  this  city,  which  is  also  inclosed  with  this. 
It  consists  of  placing  on  the  rock  a  cylinder  of  boiler,  iron  to  serve  the 
same  purpose  as  the  coffer-dam  of  General  Alexander,  and  then  excavat- 
ing the  rock  in  such  a  way  that,  when  completed,  there  will  remain  only 
a  shell;  then,  by  means  of  heavy  charges  of  powder,  the  shell  can  be 
broken  up,  and  the  debris  falling  down  will  be  so  small  that  twenty -four 
feet  of  water  will  be  over  the  rock  after  the  explosions.  Mr.  Von  Schmidt 
offers  to  remove  the  rock,  according  to  his  plan,  for  $75,000  in  currency, 
and  give  satisfactory  and  sufficient  bonds  for  the  performance  of  his 
contract. 

I  have  reason  to  believe  that  other  parties  with  other  plans,  not  ma* 
terially  different  from  those  above  mentioned,  would  send  in  proposals, 
if  invited,  but  I  doubt  if  any  one  could  come  within  the  limit  of  the 
amount  appropriated. 

I  am  now  impressed  with  the  idea,  f]X)m  a  careful  investigation  of  all 
the  plans  submitted,  that  the  most  satisfactory  way  of  removing  this 
rock  is  by  a  plan  similar  in  design  to  those  of  General  Alexander  and 
Mr.  Yon  Schmidt,  rather  than  by  the  method  of  drilling  and  blasting 
first  recommended. 

I  have  not  the  authority  to  make  a  contract  to  remove  the  rock  for  a 
specified  sum,  and  the  amount  appropriated  is  not  sufficient,  T  therefore 
refer  the  whole  subject  to  you,  and  respectfully  ask  for  instructions.  I 
also  request  that  an  appropriation  of  $30,000,'in  addition  to  the  former 
one,  be  asked  for  at  the  next  session  of  Congress,  to  secure  the  removal 
of  this  rock,  the  estimate  being  based  upon  the  amount  of  the  proposal 
made  by  Mr.  Yon  Schmidt,  increased  by  $5,000  for  surveys  and  contin- 
gencies. 

I  have  the  honor  to  be,  very  resi)ectfiDQlv,  your  obedient  servant, 

B.  S.  WILLIAMSO]!^,  i 

Bvt.  Lt.  Col,  U,  8.  A.y  Major  of  Engineers. 

Maj.  Gen.  A.  A.  Humphreys, 

Chief  of  ^Engineers  U.  8.  A.,  WasMr^fftonj  D.  0. 


Appettoix  W. 

Beport  ofBreioet  Brigadier  General  N".  Michler^  in  charge  of  public  buildings^ 
grounds^  and  works  in  the  City  of  Washington,  2>.  C. 

Office  of  Public  Buildings,  Grounds,  and  Works, 

U.  8.  Capitol,  Washington  City,  D,  C,  8eptember  30, 1869. 

Generax.  :  The  following  statement  in  regard  to  the  different  duties 
which  have  been  assigned  me,  and  the  progress  which  has  been  made 
in  their  execution  during  the  fiscal  year  ending  the  30th  of  June,  is 
respectfully  submitted  for  your  information: 

RIVER  CHANNEL  niPROVEMENTS. 

The  system  of  improvements  proposed  for  the  channels  of  the  Poto- 
mac in  a  special  report  upon  the  subject,  made  after  a  most  carefdl 
survey  and  examination,  has  not  yet  received  the  consideration  of  the 
general  government. 
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The  corporate  authorities  of  the  city  of  G^rgetown  have,  however, 
duriDg  the  past  summer  caused  the  bar  of  the  Virginia  channel  to  be 
dredged  to  a  depth  of  thirteen  feet  at  mean  low  tide,  and  to  a  widtii  of 
about  eighty  feet.  Some  thirty-three  thousand  cubic  yards  of  mud 
were  removed  at  a  cost  of  less  than  ten  thousand  dollars. 

In  my  la«t  annual  report  attention  was  called  to  the  great  importance 
and  necessity  of  taking  immediate  action  in  executing  some  plan  of  per- 
manent improvement.  As  no  appropriation  has  been  made  for  the  work, 
no  steps  have  been  taken  towards  prosecuting  it  during  the  present 
working  season.  Estimates  are  submitted  for  constructing  the  different 
sections,  the  sum  total  being  required  for  its  completion ;  the  entire 
amount  can  be  profitably  expended  during  the  present  fiscal  year. 

BBIBOES. 

Benning^s  Bridge. — ^This  structure  crosses  the  Anacostia  or  Eastern 
Brauch,  and  is  also  known  as  the  Upper  Bridge.  The  flooring  in  par- 
ticular, owing  to  the  very  great  amount  of  travel  passing  over  it,  is  very 
much  worn  ^ong  its  entire  length,  and  should  be  replaced  by  a  new  one. 

Nai^y  Yard  Bridge, — ^A  number  of  the  beams  are  decayed,  and  the 
side-rails  are  old  and  unsafe.  The  draw,  although  not  much  used,  is 
J  so  constructed  as  to  make  travel  over  it  at  least  very  disagreeable,  if 
not  dangerous.  It  should  be  altered  so  as  to  conform  to  the  level  of 
the  roadway  of  the  bridge.  The  whole  superstructure  needs  a  thorough 
overhauling. 

In  reply  to  a  resolution  of  the  Senate  of  the  United  States,  parsed  June 
20, 1868,  which  directed  me  '^  to  make  a  survey  of  tixe  lower  bridge,  known 
as  the  Kavy  Yard  Bridge,  across  the  Anacostia,  and  report  a  plan  for  a 
permanent  structure  across  the  same,  at  or  near  the  present  site,  capa- 
ble of  sustaining  a  railway  track  and  cars,  with  a  footway  on  each  side 
of  the  carriage  track,  with  an  estimate  of  the  cost  of  the  same,"  a  report 
and  plans  were  prepared  and  submitted  which  furnished  the  required 
information. 

The  importance  of  a  permanent  and  substantial  bridge  at  or  near  the 
point  indicated  has  been  sufSciently  well  established;  it  is  to  be  hoped 
that  the  necessary  action  will  be  taken  to  accomplish  an  object  which  is 
so  much  desired,  and  which  will  tend  so  much  towards  advancing  tiie 
interests  of  the  capital.  Your  attention  is  respectfully  called  to  a  con- 
sideration of  the  plans  and  the  report  accompanying  them. 

Potomac  or  Long  Bridge. — ^The  remarks  made  in  my  last  annual 
report  in  regard  to  this  bridge  remain  still  in  force,  and  prove  the 
necessity  of  erecting  a  more  substantial,  suitable,  and  architectural 
structure.  It  is  to  be  regretted  that  tne  river  approaches  to  the 
city  should  present  such  unseemly  appearances.  As  already  stated, 
the  Long  Bridge  has  been  for  so  many  years  the  means  of  inter- 
course between  the  city  and  the  opposite  shore,  that  it  would  be 
very  difficult  to  divert  attention  from  the  old  well-beaten  track.  Such 
being  the  case,  it  is  very  de^sirable  to  replace  the  present  one  by  another 
which  would  prove  not  only  more  ornamental  and  useful,  but  also  be  so 
planned  as  to  remove  some  very  serious  obstructions  created  by  the  exist- 
ing one,  and  which  have  a  tendency  to  permanently  injure  the  channels 
of  the  river.  The  present  bridge  constantiy  needs  repairs ;  it  is  so  old. 
and  its  timbers  so  badly  decayed,  that  unremitting  attention  is  required 
to  insure  safety  to  travelers.  The  old  north  draw  has  been  replaced  by 
an  entirely  new  and  lighter  one,  and  by  one  which  can  be  worked  with 
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great  ease ;  the  other,  near  the  south  end  of  the  stnicture,  is  heavy, 
badly  constructed,  expensive  to  keep  in  order,  and  difficult  to  move;  ai 
times  it  is  a  great  annoyance  to  those  compelled  to  pass  over  it  by  the 
detentions  experienced  when  undergoing  frequently  needed  repairs.  It 
is  now  held  together  more  by  extra  bracing,  straining  rods,  and  other 
appliances,  than  by  the  timbers  employed  in  the  original  plan  of  con- 
struction ;  a  new  one  of  more  modem  design  is  greatly  needed. 

The  cribs  that  support  the  long  spans,  near  the  Virginia  shore, 
should  all  be  rebraced  and  replanked.  An  entirely  new  floor  will  have 
to  be  laid  during  the  next  year.  It  is  recommended  that  some  neces- 
sary statutes  be  enacted  to  prevent  the  frequent  occurrence  of  accidents 
to  the  draws  by  vessels  running  against  the  bridge  while  passing 
through  them;  these,  in  many  cases,  arise  from  carelessness  in  steering, 
and  in  others  from  too  many  vessels  being  towed  through  the  channel 
at  the  same  time.  The  damage  to  the  channels  of  the  river  by  this 
bridge  have  already  been  expatiated  upon  in  several  previous  reports, 
and  should  receive  serious  attention.  The  railroad  bridge,  running 
parallel  to  and  south  of  it,  is  also  a  serious  cause  of  injury.  Several 
plans  for  new  and  more  architectural  bridges  have  been  prepared  by 
order  of  Congress,  but  no  subsequent  action  has  been  taken  towards 
constructing  them. 

Aqueduct  Bridge. — ^This  bridge,  leased  by  the  Alexandria  Canal  Com- 
pany, has  been  opened,  in  addition  to  canal  purposes,  for  ordinary 
travel  since  the  date  of  my  last  report.  By  the  act  relating  to  the 
Alexandria  canal,  approved  July  27, 1868,  it  was  enacted,  ''that  as  soon 
as  the  Chief  Engineer  of  the  Army  shall  certify  to  the  Secretary  of 
War  that  the  said  bridge  is  c6mpleted,  the  company  may  demand  and 
receive  certain  specified  tolls."  In  compliance  with  this  law,  directions 
were  given  me  to  inspect  and  report  upon  its  completion,  which  was 
accordingly  done,  and  the  bridge  thrown  open  to  travel. 

Chain  Bridge. — ^This  bridge  over  the  Potomac,  known  also  as  the  Littie 
Falls  Bridge,  and  situated  about  three  miles  above  Georgetown,  has 
been  greatly  improved  during  the  last  fiscal  year.  It  had  previously 
been  in  a  very  dilapidated  and  unsafe  condition,  the  immense  amount 
of  army  transportation  passing  over  it  during  the  continuance  of  the 
war  having  rendered  it  almost  impassable.  Very  slight,  if  any,  repairs 
had  been  attempted  for  several  years.  The  two  spans  at  the  southern 
termination  of  the  bridge  had  to  be  entirely  rebuilt,  and  each  of  the 
others,  eight  in  number,  had  to  be  repaired  to  a  greater  or  less  extent. 
The  larger  portion  of  the  flooring  had  also  to  be  renewed.  A  large 
amount  of  work  remains  still  to  be  done  to  make  the  structure  as  it 
should  be;  many  sections  of  the  upper  and  lower  chords  should  be 
replaced,  as  the  timber  is  fast  decaying  away,  and  many  slighter 
repairs  should  be  attended  to  as  soon  as  possible.  It  was  found  neces- 
sary for  several  weeks  to  close  the  Chain  Bridge  against  all  travel.  The 
great  inconvenience,  as  set  forth  in  several  petitions,  to  which  farmers 
and  others  were  placed  by  being  compelled  to  cross  the  Aqueduct 
Bridge  during  that  time,  and  the  many  complaints  that  were  made  by 
the  citizens  of  Georgetown  at  the  increased  cost  of  marketing  and 
other  household  wants  in  consequence  of  tiie  demand  for  tolls  over  it, 
would  seem  to  argue  the  very  great  necessity  of  preserving  the  former 
structure  in  perfect  repair  for  their  accommodation.  Estimates  are 
herewith  submitted  upon  which  to  base  the  appropriations  required 
to  execute  the  different  repairs  of  the  several  bridges  enumerated  j  the 
n(!cessity  is  frQly  exhibited  by  the  accompanying  table,  which  furnishes 
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the  average  amomit  of  travel  passing  over  them^  per  day  and 
and  from  the  District  of  Columbia: 


year,  to 


TrftTeL 


Potomac  (Long) 
Bridge. 


Foot  paMengen,  one  day 

Foot  passengers,  one  year  . . . 
Horses  and  nders,  one  day . . . 
Horses  and  riders,  one  year  . . 
Horses  and  wagons,  one  day. . 
Horses  and  wagons,  one  year. 
Teams  and  wagons,  one  day. . 
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PUBLIO  SQUABESy  BESEBYATIONS,  NATIONAL.  PABE. 

In  making  suggestions  respecting  the  preservation  and  improvement 
of  the  different  public  squares  and  reservations  throughout  the  city,  and 
in  again  calling  attention  to  the  establishment  of  a  national  park  among 
its  environs,  it  would  scarcely  seem  necessary  to  do  more  than  refer  to 
those  already  made  in  my  last  two  annual  reports.  The  subjects  have 
been  thoroughly  discussed,  and  no  additional  recommendations  can  be 
made.  Their  important  relation  to  the  hygiene  of  the  capital,  tiie 
improved  appearance  offered  to  the  streets  and  avenues,  and  the  greatly 
enhanced  value  to  property,  not  to  dwell  upon  the  means  thereby 
furnished  by  the  cultivation  of  a  taste  for  the  beautiful,  are  strong  and 
sufficient  arguments  to  continue  the  bestowal  upon  them  of  the  care  and 
expense  required  for  their  adornment.  Owing  to  the  very  limited  appro- 
priations for  the  purpose,  but  little  more  has  been  done  during  the  fiscal 
year  than  to  endeavor  to  keep  them  in  passable  order.  Lincoln  Square 
has  undergone  greater  improvement  during  the  year  than  any  other. 
It  has  been  filled  up  and  graded,  and  several  hundred  choice  trees 
selected  and  planted.  As  soon  as  the  necessary  means  are  furnished  it 
will  be  laid  out  in  beds  and  walks,  according  to  tiie  design  prepared  for 
their  arrangement.  It  is  recommended  that  a  suitable  monument  be 
erected  within  the  inclosure. 

The  Capitol  grounds  have  changed  but  very  little.  A  considerable 
number  of  ordinary  trees  have  been  cut  down  to  prevent  the  crowding 
and  consequent  injury  of  more  valuable  and  beautiful  species.  Owing 
to  the  smallness  of  the  appropriation  the  extension  of  these  grounds 
progresses  but  slowly. 

The  culvert  through  the  Botanical  Garden  has  been  completed,  and  is 
found  fully  capable  of  carrying  off  the  immense  quantity  of  water  which 
ifif  at  times  brought  down  by  Tiber  Creek.  A  new  walk  is  being  paved 
with  the  Seneca  stone,  and  when  completed  will  present  a  beautiW 
appearance  in  connection  with  the  new  conservatory  now  being  con- 
structed. The  intermediate  reservations  between  the  Botanical  Gar- 
den and  the  Smithsonian  grounds  have  remained  very  much  in  the  same 
condition  as  when  last  reported  upon. 

The  Smithsonian  grounds  require  a  great  deal  of  attention,  and  many 
additional  improvements  are  needed  to  make  the  arrangements  com- 
plete and  in  accordance  with  the  original  design.  It  is  to  be  hoped  that 
no  further  cause  of  delay  may  arise  from  the  want  of  fiind^,  and  that 
the  work  may  progress  rapidly  towards  completion. 


B£POBT  OF   CHIEF   OF   ENGINEERS.  497 

The  gnmnds  attached  to  the  Agricultural  Department  are  undergoing 
rapid  alterations,  and  are  being  handsomdy  arranged  with  walks  and 
drives  in  connection  with  ornamental  plats  for  shrubs,  plants,  and  trees* 

The  monument  reservation  still  remains  unchanged  in  its  appearance. 
It  is  susceptible  of  being  transformed  into  a  place  of  very  great  adorn- 
ment, particularly  as  it  is  located  in  such  close  proximity  to  the  banks 
of  the  Potomac.  The  proposed  plan  for  the  laying  out  of  the  grounds 
immediately  south  of  the  White  House,  which  includes  the  opening  of  a 
new  avenue  that  will  connect  the  streets  passing  by  the  Treasury  build- 
ing and  the  War  and  Kavy  departments,  is  being  executed  to  the  veiy 
utmost  limit  that  the  appropriation  for  the  work  will  admit.  It  is 
very  much  to  be  regretted  that  an  improvement  which  adds  so  much 
beauty  to  the  surroundings  of  the  building  occupied  by  the  chief  execu- 
tive officer  of  the  nation,  and  one  which  will  prove  of  so  great  conveni- 
ence, can  only  be  partially  completed  for  the  present.  The  considera- 
tion of  the  various  plans  submitted  in  my  last  reports  for  the  embellish- 
ment  and  adornment  of  the  different  reservations  known  as  the  ^^  Mall," 
with  a  view  of  uniting  them  in  one  grand  drive  extending  from  the 
Executive  Mansion  to  the  Capitol,  is  again  respectfully  asked. 

The  several  squares — Lafayette,  Franklin,  Judiciary,  and  Scott — ^have 
been  kept  in  as  good  state  of  preservation  as  the  very  limited  means  • 
would  permit.  A  new  circle  has  been  inclosed  at  the  intersection  of 
Massachusetts,  Connecticut,  and  ]^ew  Hampshire  avenues.  An  addi- 
tional square,  corresponding  with  Scott  square,  has  also  been  laid  out 
near  the  junction  of  Connecticut  avenue  and  K  street.  Several  trian- 
gular reservations,  at  the  crossings  of  Pennsylvania  avenue  by  some  ot 
the  lateral  streets,  were  inclosed  as  soon  as  the  government  had  ceased 
to  occupy  them  with  buildings  for  of&ce  purposes.  Many  of  these 
have  ahready  been  planted  with  trees  while  others  still  remain  unim- 
proved. 

The  great  drought  of  the  past  summer  has  not  only  killed  many  of 
the  trees  and  plants,  but  has  interfered  very  materially  with  any  other 
embellishment  of  the  different  grounds.  The  necessity  for  furnishing 
the  latter  with  a  sufficient  supply  of  water  by  means  of  fountains,  in 
order  to  preserve  the  vegetation,  became  very  painfully  apparent.  It  is 
earnestly  urged  that  the  attention  of  Congress  be  again  called  to  the 
subject  of  a  grand  nations^  park  for  the  capital.  Every  important  city 
in  the  country  has  acknowl^ged  the  necessity  and  wisdom  of  encour- 
s^ng  public  places  of  resort  for  tiie  purposes  of  pleasure  and  recrea- 
tiouf  and  individuals  have  lavished  fortunes  in  the  embellishment  of 
private  domains  which  are  scarcely  to  be  excelled  by  those  endowed  by 
the  most  muniflcent  municipalities. 

AVENT7ES  AND  STBEETS. 

To  avoid  repetition,  reference  must  be  again  made  to  my  last  annual 
reports.  As  no  appropriations  were  made  by  Congress  for  even  the 
repair  of  avenues,  to  be  expended  during  the  last  fiscal  year,  or  for  use 
during  the  present  one,  it  is  apparent  that  but  little  can  be  written 
ux>on  the  amount  of  work  accomplished.  The  several  recommendations 
in  regard  to  their  improvement  and  adornment  that  have  been  already 
offered  are  again  presented  for  consideration.  Sufficient  provision 
should  at  least  be  made  to  pay  the  proportional  part  of  the  expense  of 
any  improvements  which  have  actually  been,  or  are  proposed  to  be, 
made  by  the  city  authorities,  and  which  pass  by  or  through  any  of  the 
public  buildings  and  grounds.    Prom  the  very  nature  of  the  contract 

32 


498  BEPOBT  OF  CHIEF  OF  ENGINEEBS. 

between  the  controlling  powers,  entered  into  at  the  time  the  capital 
was  located  od  the  banks  of  the  Potomac,  the  government  is  bound  to 
take  some  action.  There  are  several  very  important  saggestionsm 
reference  to  them  which  shonld  receive  early  attention.  It  is  to  be  ny 
gretted  that  so  many  opposing  interests  int^ere  and  prevent  any  wdl 
digested  plan  of  operations.  The  repairing  of  that  main  thoioagfa&n 
through  the  capitsd.  known  as  Pennsylvania  avenne,  has  become  an  ab- 
solute necessity.  For  two  entire  fiscal  years,  the  laat  and  the  one  pre- 
ceding, Congress  has  neglected  to  appropriate  any  money  for  attendmg 
to  the  many  and  much  needed  repairs  along  it,  or  for  the  purpose  of  sint 
ply  keeping  it  in  a  cleanly  and  healthy  condition.  Two  men,  with  a  hone 
and  cart,  is  the  entire  force  engaged  in  removing  the  filth  which  accomn^ 
lates  over  a  distance  of  nearly  three  miles.  A  resolution  passed  the  Sen- 
ate of  the  United  States,  but  which  foiled  to  be  acted  upon  in  the  HooBe 
of  Representatives,  appointing  a  special  commission  to  decide  upon  the 
relative  merits  of  the  severed  plans  for  different  pavements,  and  to 
select  and  lay  one  upon  the  avenue.  The  bill  was  very  carefully  drawn 
and  considered,  and  should  meet  with  general  approvaL 

A  special  committee  was  also  appointed  to  consider  a  change  in  the 
grades  of  the  streets  acyoining  the  Treasury  Department ;  a  report  is 
being  prepared  upon  the  subject.    Immediate  attention  should  also  be 

g'ven  to  the  regrading  of  the  several  streets  encomj^assing  the  Patent 
Ifice  building  and  the  Post  Office  Department  There  are  still  seven! 
very  important  avenues  to  be  opened  and  graded ;  in  their  present  con- 
dition many  of  them  very  seriously  interfere  with  the  improvements 
already  made  upon  the  streets.  Those  in  particular  which  radiate  firom 
the  Capitol  building  should  receive  prompt  legislation.  All  the  ap- 
proaches to  this  magnificent  structure  should  be  placed  in  the  most 
complete  order;  several  of  those  leading  from  a  northerly  directiion  aie 
quite  impassable  at  the  present  time,  ^e  removal  of  the  depot  of  tte 
Baltimore  and  Ohio  railroad  from  its  present  site  will  no  doubt  be  again 
agitated.  As  two  or  three  additional  roads  are  in  course  of  oonstnio- 
tion,  or  being  fovorably  considered,  the  different  companies  may  find  it 
to  their  interests  to  unite  upon  some  one  central  position  for  a  depot  to 
accommodate  the  travel  and  business  of  all  of  them. 

It  is  particularly  gratifying  that  the  preliminary  steps  hare  been 
taken  by  the  respective  corporate  authorities  of  Washington  and 
Georgetown  to  unite  the  two  cities  by  connecting  West  and  P  streeto 
by  a  bridge  over  Bock  Greek.  This  is  a  much  needed  structure,  end 
tdll  be  one  of  great  convenience  to  the  public.  Estimates  are  submitted 
for  opening  several  of  the  avenues. 

WASHINOTON  OANAI/— TIBEB  OBEEK. 

Much  haa  been  said  and  a  great  deal  written  on  the  subject  of  ^ 
great  nuisance.  It  is  gratifying  to  know  that  the  municipal  authoritiei 
have  appointed  a  select  committee  to  report  some  plan  for  its  abatement, 
and  it  is  to  be  hoped  that  early  action  will  be  taken  in  the  matter.  As 
the  canal  lies  acjjacent  to,  or  passes  through  a  large  portion  of  the  pnb- 
lic  grounds,  it  is  but  right  and  proper  that  Oongress  should  aid  bj 
munificent  appropriations  any  beneficial  improvements  that  may  be 
determined  upon  by  those  competent  and  authorized  to  act.  It  is  not 
only  a  question  to  be  decided  in  a  commercial  point  of  view,  but  also  in 
its  sanitary  relations  to  the  city.  Many  committees  have  been  selected 
to  report  ux>on  the  subject,  and  many  individual  views  have  been  ex- 
pressed; the  opinion  seems  to  be  unanimous  that  the  canal  diould  not 
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be  longer  nsed  as  an  open  sewer,  and  that  in  its  present  condition  it  is 
a  great  canse  for  creating  and  propagating  diseases.  In  a  report  sab^ 
mitted  several  months  ago  by  a  board  of  engineers,  detailed  ^<  to  exam- 
ine the  model  of  an  improved  canal  and  ship-look  lock^''  and  to  considw 
^^titie  valae  of  the  invention  in  facilitating  commercial  affiadrs  of  tiie 
conntry,  and  more  especially  its  adaptation  to  aiding  in  the  constraction 
of  a  ship-canal  through  the  city  of  Washington,'^  the  following  remarka 
appear: 

*<  The  history,  object,  and  condition  of  the  Washington  Ganal  have 
contributed  a  very  considerable  portion  to  the  literatnre  of  the  city  f<Mr 
many  years,  and  the  various  reports  on  the  work  in  question,  and  pro- 
jects for  its  improvement,  would  form  a  volume  of  matter  of  such  mag- 
nitude as  to  render  a  revision  of  the  whole  subject  too  elaborate  to  be 
attempted  here,  especially  as  one  does  not  appear  to  be  necessary  ioi 
this  connection.  The  canal  has  been  used  since  its  construction  for  two 
pui^ses :  the  one  for  navigation,  and  the  other  as  a  main,  open  sewer; 
it  has  been  the  receptacle  of  the  sewerage  of  the  larger  portion  of  the 
city,  as  well  as  of  the  surface  drainage  and  the  debris  washed  down 
through  the  bed  of  Tiber  Greek.  In  consequence,  it  has  been  gradually 
fining  up  with  a  mass  of  most  deleterious  matter,  and  to  such  an  extent 
as  to  render  it  not  only  entirely  useless  for  jthe  greater  part  of  its  length 
for  the  passage  of  boats,  but  to  cause  it  to  b^me  a  public  nuisanee. 
Attempts  have  been  made  during  the  last  two  or  three  years  to  partially 
abate  ttte  latter  by  removing  a  portion  of  the  deposit  by  dredging,  and 
by  flooding  the  remainder  by  means  of  tide-gates ;  but  after  repeated 
efforts  these  means  proved  to  be,  as  they  were  intended,  only  temporary 
expedients,  and  cannot  be  considered  as  having  produced  any  very 
beneficial  results. 

^^  The  various  projects  for  the  permanent  improvement  of  the  eanal 
may  be  divided  into  three  classes :  the  one  proposes  to  continue  the  use 
of  it,  both  for  its  legitimate  purpose  and  as  a  sewer  combined — ^in  other 
words,  to  let  it  remain  in  its  present  status ;  the  other,  to  employ  it 
entirely  for  the  transportation  of  boats,  and  to  build  a  covered  sewer 
paralld  to  it;  while  tlie  third  plan  suggested  is,  to  fill  it  up,  excepting 
so  much  as  may  be  necessary  for  a  proper  sewer,  and  discontinuing  ito 
use  as  a  canal  altogether. 

<*  Mr.  Bishop's  (the  patentee)  project  belongs  to  the  first  of  these 
classes.  In  general  terms  he  proi>oses  to  extend  the  canal  up  the  liver 
to  Oeorgetown ;  to  cut  off  the  present  sharp  bends  at  different  points ; 
to  place  locks  at  its  junction  with  tlie  Potomac  and  the  Eastern  Branch ; 
and  to  replace  the  present  permanent  bridges  across  it  by  turning  er 
draw-bridges^  in  order  to  allow  vessels  of  all  descriptions  to  pass.  In 
addition,  as  part  of  this  plan,  the  G^rgetown  or  Virginia  channel  of 
the  Potomac  is  to  be  closed,  and  ttius  divert  the  tide  of  commerce  ftom 
its  present  channel  and  direct  it  through  the  new  one.  He  also  oon- 
templates  to  clear  the  canal  and  keep  it  free  from  objectionable  matter 
by  opening  the  gates  and  completely  flooding  it  at  certain  stages  of 
water  in  the  river.  Without  entering  into  the  details  of  this  project  it 
may  be  stated  that  the  requirements  of  a  navigable  canal  and  a  suitaMa 
sewer  are  incompatible,  and  that,  in  general,  whatever  tends  to  improfe 
the  one,  necessarily  injures  the  other.  For  example,  a  good  sewer 
should  have  a  dechvity  of  at  least  one  foot  in  one  thousand,  while  ib» 
canal  should  be  as  nearly  level  as  i>ossible;  the  sewer  should  be  no 
larger  than  is  requisite  to  carry  off  all  the  semi-fluid  mass  or  water  that 
can  find  its  way  into  it  from  its  lateral  branches  or  from  surface  drain- 
age, while  the  larger  the  section  of  the  canal,  within  reasonable  limits, 
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the  better ;  the  sewer  requires  to  be  covered,  while  the  canal  remaiiis 
open.    The  board  cannot,  therefore,  recommend  any  project  in  which  it 
is  contemplated  to  use  the  same  channel  for  the  two  purposes,  however 
feasible  the  details  of  such  an  undertaking  may  be.    It  is  a  well  known 
flEM^t  that  along  the  wharves  of  all  large  cities  tibiere  is  a  constant  deposit 
from  the  contents  of  the  sewers,  which  necessitates  either  almost  con- 
tinuous dredging,  or  the  extension  of  the  piers  beyond  its  infln^oe. 
There  is  no  doubt  that  any  canal,  receiving  the  constantly  accumolated 
matter  from  a  great  portion  of  the  sewerage  of  a  large  city,  must  be  fiDed 
sooner  or  later,  unless  there  is  a  very  strong  and  constant  current  through 
its  entire  length.    In  this  case  there  is  no  possibility  of  producing  such  a 
current  without  extending  the  canal  up  to  some  point  at  or  near  the  Chain 
or  Little  Falls  Bridge,  some  three  miles  above  Georgetown ;  even  then 
the  vdocity  of  the  water  at  the  sides  and  bottom  of  a  long  narrow  chan- 
nel is  so  much  retarded  by  friction,  that,  while  there  might  be  a  sufficient 
strength  to  the  current  at  the  middle  of  the  canal,  a  deposit  would  prob- 
ably form  on  the  sides  and  bottom.    This  would  take  place  even  in  a 
constant  current  when  the  floating  material  is  kept  in  motion  and 
scArcely  allowed  to  settle  and  become  compact;  how  much  more,  thai, 
would  it  obtain  when  locks  were  introduced,  and  the  force  of  the  water 
allowed  to  exert  its  influence  only  at  iutervalst    That  part  of  Mr.  Bish- 
op^s  project  which  contemplates  the  substitution  of  turning  or  drav 
bridges  for  the  present  permanent  ones  over  the  canal  cannot  reasonaUy 
be  entertained.    The  canal  now  separates  the  main  portion  of  the  dtf 
fiom  that  section  fronting  on  the  Potomac,  along  which,  at  the  present 
time,  fhe  larger  number  of  wharves  have  been  constructed  for  commer- 
dal  purposes.    To  interfere  or  interrupt  the  constant  travel  and  hauling 
of  heaivy  freight  on  the  streets  leading  from  them  would  prove  a  y&j 
great  injury  to  trade  and  the  improvements  now  projected  in  their  viein- 
ity.    Even  should  benefit  arise  to  one  part  of  the  city  by  enlarging  the 
^mensions  of  the  canal  so  as  to  enable  sea-going  vessels  to  eaUs,  it 
would  scarcely  compensate  for  the  expense  of  the  undertaking,  and  the 
damage  that  would  be  sustained  by  another  and  a  very  rapidly  impror- 
ing  portion.    Should  the  money  necessary  to  execute  such  a  woriL  be 
applied  to  dredging  and  opening  the  old  Washington  channel  along  the 
whole  water  front  of  the  city,  it  would  prove  a  more  profitable  and  bene- 
floial  expenditure.    A  long  and  continuous  line  of  wharves^  extending 
firom  the  arsenal  point  to  the  foot  of  the  Little  Falls,  could  then  be  boilt 
The.  closing,  as  intimated  in  the  method  of  improvement  referred  to,  of 
an  old  and  well  established  channel  like  the  Georgetown  or  Virginia 
6iie,  for  the  purpose  of  opening  another  and  a  mmre  circuitoos  one 
trough  the  heart  of  a  large  city,  would  scarcely  meet  with  very  &var* 
able  consideration  in  any  point  of  view.    The  only  practicable  and  in- 
telligent plan  of  operations  is  to  accomplish  by  mechanical  means  whit 
nature  originally  designed  should  be  the  case,  the  reopening  of  Uie  old 
channels  as  they  existed  before  any  encroachments  were  made  npon 
them,  or  any  obstructions  lUlowed  to  be  interposed  to  their  detriment 
In  dosing  this  part  of  the  report,  the  board  cannot  look  upon  the  ihets 
just  stated  as  being  in  any  way  discouraging  to  those  interested  in  the 
improvement  of  tiie  Washington  Canal.    If  it  cannot  be  made  to  ser^ 
two  purposes,  there  is  no  reason  why  it  should  not  be  made  usefol  in 
accomplishing  one  good  result;  one  object  well  accomplished  will  oe^ 
tainly  prove  more  profitable  than  two  imperfectly  executed.    It  is  809- 
<septible  of  a  mathematical  demonstration,  that  should  either  the  second 
or  third  of  the  general  plans  referred  to  for  the  improvement  of  the 
Washington  Canal  be  adopted— in  other  words,  should  the  canal  be 
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properly  deaned  out,  narrowed,  straightened  as  much  a«  possible,  and 
a  good  sewer  built  parallel  with  it,  the  arch  over  the  lower  portion  of 
Tiber  Creek  being  also  extended  as  high  up  as  the  bonndary  of  the  city 
limits,  or  should  the  canal  be  discontinued  as  such,  and  a  portion  of  its 
width  converted  into  a  proper  sewer,  and  in  connection  with  this  should 
the  main  channel  of  the  Potomac  be  diverted  towards  and  along  the 
Washington  shore,  the  value  of  the  land  reclaimed  and  the  rise  in  the 
price  of  property  effected  by  the  change,  would  more  than  pay  the  cost 
of  the  whole  undertaking,  to  say  nothing  of  the  vast  improvement  that 
would  accrue  to  the  city  Dy  benefiting  ite  sanitary  condition. 

^^  Several  additional  bridges  of  iron  should  be  constructed  over  the 
canal  at  different  points.  There  should  be  one  in  the  prolongation  of 
Sixth  street }  another  should  be  substituted  for  the  temporary  wooden 
one  in  front  of  the  Amcultural  Department :  and  the  third  to  connect 
the  grounds  south  of  the  President's  House  with  those  around  the  Wash- 
ington Monument  They  should  be  made  highly  ornamental,  of  the 
same  width  as  the  streets,  and  upon  the  same  level." 

PX7BLI0  BUILBINaS. 

The  several  public  buildings  still  remain  under  the  immediate  charge 
of  the  different  architects,  or  of  some  of  the  officials  attached  to  the 
various  departments.  The  Capitol  has  been  completed,  unless  it  shall 
be  determined  at  some  future  time  to  enlarge  the  central  part  of  the 
building ;  the  Treasury  building  has  also  been  finished. 

A  boaixi  of  officers  has  also  prepared  plans  and  estimates  for  a  new 
War  Department  building,  but  no  action  has  yet  been  taken  towards 
erecting  it.  The  commission  authorized  to  select  a  site  and  propose 
plans  for  a  new  State  Department  have  had  the  subject  under  consider* 
ation,  and  will  report  at  tiie  next  session  of  Congress. 

The  White  Hottee^  with  the  several  buildings  and  the  grounds  at- 
tached to  it,  has  been  undergoing  some  very  important  and  necessary 
renovations ;  many  more  demand  attention  as  soon  as  the  liberality  of 
Congress  will  furnish  the  means.  The  appropriations  for  the  present 
fiscal  year,  which  are  to  be  applied  to  the  care  and  refurnishing  of  the 
building,  are  entirely  inadequate  for  the  purpose.  It  is  a  very  old 
structure ;  upon  a  very  minute  and  careful  inspection  of  all  its  parts,  it 
was  found  to  be  sadly  out  of  repair,  and  even  destitute  to  a  great  ex- 
tent of  many  of  the  conveniences  which  are  now  considered  absolutely 
necessary  for  the  comfort  and  health  of  individuals.  Immediately  after 
the  inauguration  of  General  Orant  as  President,  the  improvements  were 
commenced  and  pushed  forward  as  rapidly  as  possible.  Several  of  the 
rooms  have  been  repapered  and  painted,  and  others  have  been  replas- 
tered  and  painted  in  colors.  The  libraiy  has  been  paneled  audits  ceil- 
ing frescoed.  The  walls  and  wood- work  of  the  upper  hall  have  been 
repainted^  and  a  substantial  and  ornamental  stairway  leading  to  it  sub- 
stituted for  the  old  one.  The  spacious  hall,  into  which  the  entrance 
from  the  north  portico  opens,  has  also  been  painted  and  its  ceiling  fres- 
coed. The  furnaces  have  been  overhauled,  and  new  ranges  introduced 
into  the  kitchens.  A  handsome  and  convenient  billiard-room  has  been 
attached  to  the  house.  The  conservatory  has  been  placed  in  excellent 
order,  and  well  filled  with  suitable  plants ;  an  additional  section  has 
been  made  to  it  during  the  summer  to  be  used  as  a  grapery,  a  large  num- 
ber of  the  choicest  vines  having  been  already  introduced  into  it.  Seve* 
ral  beneficial  changes  have  also  been  made  in  the  garden.  The  stable 
has  been  enlarged  and  otherwii^  improved.    The  drainage  and  sewenige 
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through  the  gronnds  will  need  attention  during  the  coming  year.  The 
entire  exterior  of  the  building  should  be  rex>ointed  and  painted.  Many 
other  much  needed  renovations  could  be  suggested.  The  refumishing 
of  the  mansion  is  being  gradually  effected.  It  is  to  behoi)ed  that  most 
fiberal  appropriations  wiU  be  made  by  Congress  to  preserve  and  supply 
the  building  with  all  needfid  appendages^  and  render  it  in  all  itB 
appointments  a  fit  residence  for  the  Chief  Magistrate  of  the  natioiL 
Attention  is  again  respectfully  called  to  my  report  upon  the  selection 
Cft  a  site  for  a  new  presidential  mansion. 

WASHINGTON  AQUEDUCT. 

The  earnest  attention  of  the  Chief  of  Engineers  is  again  called  to  the 
condition  of  this  great  and  important  work.    Its  thorough  completion 
is  imperatively  demanded,  and  the  necessary  appropriations  should  not 
longer  be  withheld.    There  is  no  public  improvement  throughout  the 
District  of  Columbia  which  conduces  so  much  toward  the  health  and 
wants  of  the  permanent  residents  of  the  capital,  as  well  a^  the  comfort 
of  the  many  thousand  transient  visitors  and  government  officials  who 
seek  it  for  pleasure  or  business,  as  the  Washington  aqueduct.    It  is  the 
only  safeguard  against  the  destruction  of  not  only  private  iiossessioius, 
but  also  of  the  immense  amount  of  public  proper^  accumulated  within 
the  limits  of  a  few  square  miles.    There  is  a  wealth  of  important  archiveB 
stored  away  within  its  boundaries  that  can  never  be  replaced  should 
they  once  be  destroyed.    In  a  sanitary  point  of  view,  as  well  aB  in  an 
ornamental  and  mechanical  consideration  of  the  subject,  the  means  for 
supplying  a  material  so  much  enjoyed  and  so  much  needed  should  be 
fiiTDished  without  hesitation  and  without,  stint.    The  annual  report  of 
the  engineer  of  the  Washington  aqueduct  is  herewith  appended.  It 
furnishes  in  great  detail  a  statement  of  the  many  repairs  which  have 
received  attention  during  the  year,  and  of  the  renovation  of  a  few  por- 
tions of  the  work  which  have  hitherto  been  left  in  an  unfLuished  or  dtam- 
aged  state.    He  also  dwells  upon  the  pressing  necessity  of  flnishing  other 
very  important  sections.    Many  very  valuable  suggestions  are  offered, 
and  much  usefhl  information  furnished.   Beference  is  respectfully  made 
to  his  report  for  a  condensed  account  of  the  present  condition  of  the  aqoe- 
duct,  and  also  of  a  summary  of  the  total  cost  up  to  tiie  present  time, 
with  an  estimate  of  the  necessary  amount  to  be  applied  toward  its 
completion.    As  so  many  complainte  are  made  by  many  citizens  as  to 
the  scarcity  of  water,  and  as  such  an  utter  wastefiilness  is  indulged  in 
by  others,  the  adoption  of  some  system,  by  which  a  more  equal  distri- 
bution can  be  arranged  to  the  greater  advantage  of  all  seems  to  be  im- 
perative.   Meters  should  be  introduced  into  every  house,  as  that  phA 
appears  to  work  well  wherever  applied. 

It  is  again  earnestly  recommended  to  replace  the  old  fire  pings  on 
Pennsylvania  avenue  by  new  ones,  and  that  they  be  connected  directif 
with  the  government  main  along  it. 

The  payment  of  the  rente,  and  the  parchase  of  the  several  small  traets 
of  land  which  have  been  token  from  private  individuals  for  tihe  nae  (tf 
the  government,  and  which  must  be  retained  for  the  purposes  of  tbe 
aqueduct,  is  most  earnestly  urged.  Several  of  them  belong  to  widows^ 
who  are  by  no  means  in  affluent  circumstances.  In  some  instances  they 
have  been  compelled  by  the  corporate  authorities  to  pay  the  necessaif 
taxes  for  the  improvement  of  their  prox)erty  by  the  opening  and  repav* 
ing  of  streets,  when,  at  the  same  time,  they  have  be^  entirely  di^)O0- 
sessed  of  its  use  for  several  years  back.    But  a  few  thousand  dollars 
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are  needed  to  satisfy  all  snch  claims.  As  stated  in  my  last  report^  '^  the 
great  importance  of  introducing  into  the  capital  an  unlimited  supply  of 
pure  and  wholesome  water  cannot  be  overestimated.  The  water  thus 
ftimished  has  become  a  great  motive  power  at  the  different  government 
workshops  and  buildings  throughout  the  city :  and  when  the  capital  of 
still  the  nation  becomes  what  every  enlightened  citizen  desires  to  see  it^  a 
larger  demand  will  be  made  for  both  useful  and  ornamental  purposes." 

Including  the  estimates  submitted  for  completing  the  Washington 
Aqueduct,  the  total  cost  of  the  work  will  not  exceed  four  millions  of 
dollars. 

The  estimates  of  amounts  required  to  be  appropriated  for  the  public 
buildings,  grounds,  and  works,  under  my  charge,  for  the  fiscal  year  end- 
ing the  SOm  of  June,  1871,  are  herewith  appended. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

N.  MICHLEE, 
Major  of  JEngineerSj  Bvt  Brig,  Oen.  U.  S.  A, 

Brevet  M%|or  General  A.  A.  Huhphbets, 

Chief  of  Engineers^  Washington^  D.  0. 


Office  of  the  Washington  Aqtjedttct, 

Washington,  D.  0.,  October  1, 1869, 

Genebal:  I  have  the  honor  to  submit  the  following  report  of  opera- 
tions upon  the  Washington  Aqueduct  during  the  year  ending  Septem-^ 
ber30, 1869: 

At  the  date  of  the  last  annual  report,  work  had  been  suspended  upon 
the  construction  of  all  the  unfinished  portions  of  the  aqueduct,  and  the 
expenditures  confined  to  such  repairs  as  were  absolutely  necessary  for 
the  safety  and  preservation  of  the  works. 

in  November  an  examination  was  made  of  the  embankments  of  the 
distributing  reservoir;  it  was  apparent  that  they  were  very  much  worn 
by  the  action  of  tiie  waves  on  their  unprotected  slopes,  and  it  was 
deemed  necessary  for  the  safety  of  the  reservoir  to  empty  out  the  water. 
The  twelve-inch  main,  leading  from  the  pipe  vault  to  Foundry  Branch, 
was  used  for  a  drain,  and  the  reservoir  gradually  emptied.  It  had  been 
in  usi)  in  its  unfinished  condition,  for  storage  and  settling  purposes,  over 
four  years,  and  during  that  time  the  water  supplied  to  Georgetown  and 
Washington  was  generally  clear  and  pure.  Since  then,  being  brought 
directly  from  the  Potomac,  it  has  often  been  muddy  and  impure. 

The  construction  of  this  reservoir  was  suspended  in  June,  1864;  owing 
to  the  failure  of  Congress  to  make  any  appropriation  for  its  comple- 
tion, no  work  has  been  done  on  it  since.  In  form  it  is  nearly  a  rectangle, 
2,250  feet  long  and  about  850  feet  wide,  with  an  area  at  the  flow  line 
of  44  acres.  The  level  of  its  bottom  is  two  feet  above  the  bottom  of  the 
conduit  at  the  influent  gate-house,  and  fifteen  feet  above  the  center  of 
the  iron  mains  that  lead  from  it  at  the  effluent  gate-house.  With  the 
water  nine  feet  deep  in  the  conduit,  it  is  only  seven  feet  deep  in  the  res- 
ervoir, making.its  capacity  at  that  deptii  equal  to  94,500,000  gallons. 

The  work  remaining  to  be  done  consists  in  excavating  the  bottom  to 
an  additional  depth  of  thirteen  feet;  raising  the  dividing  bank  to  the 
fall  height  of  the  exterior  banks;  building  a  central  gate-house  in  the 
dividing  bank ;  building  facings  of  rubble  masonry  on  the  interior  slopes ; 
completing  the  influent  and  effluent  gate-houses,  and  the  effluent  screen 
well  and  pipe  vault. 
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By  excavating  the  bottom  to  the  depth  contemplated,  which  is  tiie 
lowest  at  which  water  can  be  drawn  through  the  mains,  it  would  be 
twenty  feet  below  the  flow  line,  and  the  capacity  would  be  243,550,000 
gallons ;  which  would  be  suflBcient,  at  the  present  rate  of  consnmptioD, 
for  twenty  days'  supply,  and  would  allow  of  ample  time  for  making  any 
repairs  to  the  conduit  above  that  might  be  necessary. 

In  the  Boston,  Kew  York,  and  Baltimore  water-works  annual  examin- 
ations of  the  conduits  from  end  to  end  have  been  found  necessary,  and 
annual  repairs  made  to  the  masonry.  On  the  Washington  Aqueduct  such 
examination  and  repair  cannot  be  made  until  the  completion  of  the 
distributing  reservoir. 

The  conduit  leading  from  Great  Palls  to  the  distributing  reservoir  is 
apparently  in  good  condition.  Extensive  repairs  have  been  made  toite 
embankments,  especially  at  culverts  Nos.  18, 19,  20,  25,  and  26. 

The  roadway  over  it'  has  been  kept  in  good  order,  but  during  wet 
weather  the  travel  has  necessarily  been  restricted  to  light  loads.  It  has 
become  the  principal  highway  of  Montgomery  County,  and  should  be 
macadamized. 

The  connecting  conduit  at  the  receiving  reservoir  has  been  in  uninter- 
rupted use  since  it  was  finished  in  Aogost,  1867,  until  last  March.  Dale- 
carlia  tunnel,  which  is  in  connection  with  this  conduit,  was  commenced 
in  1864 ;  it  is  built  through  rock  that  is  not  self-sustaining.  During  its 
construction  the  roof  and  sides  were  supported  with  timbers.  In  Mardi 
a  slide  occurred  near  the  shaft,  which  completely  obstructed  the  flow  of 
water,  and  rendered  it  necessary  to  shut  it  off  from  the  conduit  and 
pass  it  through  the  receiving  reservoir.  An  examination  of  this  ton- 
nel  was  made  in  April,  to  ascertain  the  cause  of  the  slide ;  it  was  found 
that  the  timbers  that  supported  the  roof  and  sides  were  very  much 
decayed,  and  where  the  sUde  occurred  they  were  crushed  into  frag- 
ments. 

As  many  other  places  were  in  a  dangerous  condition,  it  was  deemed 
true  economy  to  expend  a  portion  of  the  appropriation  for  superintend- 
ence and  repairs  in  arching  this  tunnel.  Accordingly  arrangements 
were  made  for  beginning  the  workj  the  slide  was  removed,  neif 
timbers  were  put  in  place  of  decayed  ones,  sand,  cement,  stones,  and 
bricks  were  delivered  in  the  vicinity  of  the  work,  and  the  arching  waa 
begun  and  continued  until  the  middle  of  September,  when  it  was  sns- 
pended  for  the  want  of  money.  Over  three  hundred  feet  of  the  tunnd 
were  securely  arched,  and  a  sufficient  number  of  bricks  purchased  and 
delivered  for  arching  the  remainder. 

During  the  progress  of  the  work  the  roof  and  sides  had  to  be  shored 
with  heavy  timbers  in  order  to  protect  the  lives  of  the  masons  and  labor- 
ers. It  is  estimated  that  over  sixty  thousand  feet,  board  measure,  of 
timber  were  used  for  this  purpose.  Many  places,  in  that  part  of  th6 
tunnel  yet  to  be  arched,  are  safe  only  while  the  timbers  remain  sound; 
and  the  remainder  of  the  tunnel  should  be  arched  without  delay. 

By  referring  to  previous  reports  it  will  be  seen  that  the  estimated 
cost  of  arching  350  feet  of  this  tunnel  was  $15,400.  The  amount 
expended  has  somewhat  exceeded  this  sum ;  the  increase  is  due  to  the 
fact  that,  since  the  estimate  was  made,  nearly  two  yeanf  elapsed  before 
the  work  was  commenced ;  and  in  that  time  timbers  decayed  and  masses 
of  rock  fell  from  the  roof,  greatly  increasing  the  cost  of  the  work. 
Every  precaution  was  taken  to  protect  the  lives  of  the  workmen,  and 
only  one  man  was  injured. 

The  slopes  of  the  embankments  of  the  connecting  conduit  should  be 
faeed  with  ripraps  to  protect  them  from  the  waves  of  the  receiving  tesr 


BBPORT  OF  CHIEF  OF  ENGINEERS.  505 

ervoir;  and  as  this  reservoir  will  always  be  nsed  for  storing  water^  a 
substantial  fence  should  be  built  around  it  to  keep  out  the  large  droves 
of  cattle  that  are  driven  to  the  pastures  on  the  government  lands  in  its 
vicinity. 

FOIOMAO  DAM. 

This  structure  was  completed  to  its  present  height  from  the  Maryland 
shore  to  Conn's  Island,  in  December,  1867.  Since  then  it  has  been  sub-, 
jected  to  the  heaviest  freshets  of  the  Potomac,  and  the  fact  that  it  has 
sustained  no  damage  from  the  large  masses  of  ice  and  flood-wood 
that  accompany  the  spring  freshets,  proves  that  it  is  impregnable. 

During  the  months  of  August  and  September  the  water  in  the  river 
above  the  dam  was  at  a  lower  stage  than  at  any  time  during  the  past 
ten  years,  and  there  was  not  sufficient  in  the  Maryland  channel  to  sup- 
ply the  conduit. 

As  soon  as  this  fact  became  apparent,  a  survey  was  made  of  the  river 
from  t^e  dam  to  the  head  of  Conn's  Island.  At  this  point  the  river 
divides  into  two  channels,  and  during  low  water  the  greater  part  of  it 
flows  down  the  Virginia  cnannel.  It  was  found  necessary  to  deepen  the 
upx>er  end  of  the  Maryland  channel,  and  to  construct  temporary  dams 
from  the  head  of  Conn's  Island  to  the  small  islands  above.  Since  this 
was  accomplished  the  supply  has  been  abundant. 

The  past  season  has  been  remarkable  for  the  long-continued  drought; 
very  little  rain  has  fallen  since  tiie  middle  of  July,  and  the  water  in  the 
river  has  been  at  its  lowest  stage.  It  has  become  evident  that^  in  order 
to  have  sufficient  water  in  the  Maryland  channel  at  all  times,  it  will  be 
necessary  either  to  extend  the  dam  entirely  across  the  river,  or  to  build 
a  dam  from  the  head  of  Conn's  Island  up  the  river  to  a  point  that  will 
give  sufficient  head.  The  rocks,  trees,  and  bushes  between  the  dam  and 
tiie  head  of  the  island  should  be  removed,  as  they  materially  obstruct 
the  flow  of  water  during  its  low  stages  and  affect  its  purity, 

GATE-HOUSE  AT  OBEAT  FALLS. 

The  roof  of  the  gate-house  has  been  slated,  the  decayed  wooden  floor 
removed,  and  an  iron  floor,  supported  by  cast-iron  girders,  has  been  sub- 
stituted. The  large  timbers  that  supported  the  gates,  being  also  de< 
cayed,  were  removed,  and  Phcenix  wrought-iron  *^H'^  beams  were  put 
in  their  place.  The  Ufting-screws,  twenty  in  number,  together  with  their 
gearing,  were  thoroughly  oleanea  and  repaired,  and  have  since  been 
kept  in  good  order. 

TUNNEL  NO.  1. 

In  tunnel  No.  1,  about  six  hundred  feet  below  the  gate-house,  several 
cubic  yards  of  rocks  have  fallen  from  the  roo£  As  they  do  not  materia 
ally  obstruct  the  water,  they  have  not  been  removed,  but  only  rolled  to 
the  sides  of  the  tunnel.  It  would  be  safer  to  remove  them,  and  arch 
that  part  of  the  tmm^, 

STONE  BBIDOES. 

Bridges  Kos.  1,  2,  3,  and  4  for  many  years  have  remained  unflnished. 
B'os.  1  and  2  require  coping ;  Nos.  3  and  4  require  parapets  and  coping, 
Ko  work  has  been  done  toward  completing  either  of  tiiem  since  1863. 
Estimates  of  the  cost  have  been  annually  submitted,  and  will  be  found 
in  the  present  report. 
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IRON  BBIBaES. 

Bridge  No.  5,  over  College  Pond,  has  been  painted  and  is  in  good 
order.  Bridge  No.  6,  over  Bock  Creek,  has  been  painted  and  the  floor 
repaired.  The  plank  are  very  mach  worn,  bnt  probably  can  be  made  to 
last  till  next  spring.  The  present  floor  was  pnt  down  in  1865;  it  is  not 
decayed,  bnt  it  is  worn  ont  by  the  large  amount  of  travel  constantly 
passing  over  it.  The  floor-beams  have  been  in  use  over  ten  years,  and 
are  very  much  decayed;  they  must  soon  be  renewed. 

PXPB  LINE. 

The  pipe  line  is  generally  in  good  condition.  All  the  vaults  were 
cleaned  and  whitewashed,  and  the  stop-cocks  repaired.  In  Foondeiy 
Branch  pipe  vault  a  brick  floor  was  laid.  The  stop-cocks  on  the  thirty- 
inch,  twenty-inch,  and  twelve-inch  mains  were  cleaned  and  repaired, 
and  new  street  boxes  were  set  in  place  of  decayed  ones. 

The  twenty-inch  main  in  North  B  street  was  completed  to  First  street 
east,  and  a  twelve-inch  main  laid  in  First  street  east  firom  North  B  street 
to  North  A  street;  making  complete  the  connection  between  the  thirty- 
inch  main  in  New  Jersey  avenue  and  the  twelve-inch  main  on  Capitol 
HiU. 

WATEB-PBESSI7SE  ENGINE. 

The  water-pressure  engine  that  supplies  Georgetown  Heights  is  in 
thorough  repair.  During  the  year  new  pistons  were  placed  in  the 
motive  cylinders  and  new  rings  in  the  pumping  cylinders.  On  the  2lBt 
of  February  one  of  the  piston  rods  was  broken^  and  a  new  one  was  pat 
in  its  place.  Owing  to  the  increased  consumption  of  water  in  the  two 
cities,  the  pressure  on  the  motive  pistons  has  become  reduced,  and  tJie 
engine  does  not  supply  as  much  water  to  Georgetown  Heig^hts  as 
formerly. 

In  order  to  afford  a  full  supply  permission  has  been  granted  to  the 
authorities  of  Georgetown  to  fimiish  and  erect  a  steam  pump  in  the 
engine-room,  and  to  connect  it  with  the  mains  of  the  high  and  low 
service. 

mOH-SEBVICE  BESEBVOIB. 

On  Sunday,  the  4th  of  April,  the  watchman  reported  a  leak  in  tbB 
gallery  of  the  high-service  reservoir.  The  engine  that  supplies  it  was 
immediately  stopped,  all  the  dividing  valves  between  the  high  and  low 
service  were  opened,  also  several  fire  plugs,  and  the  reservoir  was 
rapidly  emptied — ^not  any  too  soon,  however,  as  the  leak,  which  when 
first  discovered  was  a  very  small  stream,  before  the  reservoir  was  empty 
had  increased  in  size  equivalent  to  a  stream  three  inches  in  diameter, 
and  washed  firom  the  foundation  about  thirty-five  cubic  yards  of  day. 
This  was  replaced  with  concrete  made  of  broken  bricks,  sandy  and 
cement,  and  as  soon  as  the  repairs  were  finished  the  water  was  again 
let  in.  It  now  contains  half  a  million  of  gallons,  which  is  kept  as  a 
reserve  in  the  event  of  fires.  This  reservoir  has  been  left  for  many 
years  in  an  incomplete  state,  and  its  unfinished  dome  presents  a  veiy 
unsightly  appearance.  It  should  be  cut  down  to  the  level  of  the  gravd 
walk  surrounding  it,  and  inclosed  by  a  substantaal  iron  railing. 
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Experiments  were  made  dnriDg  the  sammer  on  the  flow  of  water  in 
the  conduit  leading  from  the  receiving  to  the  distributing  reservoir. 
The  result  showed  that  the  two  cities  were  consuming  an  average  daily 
supply  of  about  twelve  million  gallons. 

Assuming  that  the  population  of  the  two  cities  is  one  hundred  and 
thirty  thousand^  it  makes  the  average  daily  consumption  of  water  per 
head  over  ninety-two  gallons. 

A  large  proportion  of  this  is  consumed  at  the  government  depart- 
ments, especially  at  the  Kavy  Yard,  where  the  aqueduct  pressure  is 
used  to  prove  boilers,  and  at  the  Treasury,  where  two  large  fountains 
are  constantly  playing.  The  water  that  is  wasted  from  them  might  be 
conveyed  in  a  pipe  to  the  vacant  space  at  the  intersection  of  Pennsylva- 
nia avenue  with  Louisiana  avenue  and  Seventh  street,  and  be  used 
again  for  a  similar  purpose.  On  Capitol  Hill  and  other  high  points  the 
supply  is  not  equal  to  the  demand,  because  on  the  low  points,  where  it 
is  abundant,  it  is  recklessly  and  willfully  wasted.  Periodically  procla- 
mations are  issued  by  the  city  authorities  forbidding  the  waste  of 
Potomac  water,  to  which  not  the  slightest  attention  is  paid. 

Some  additional  legislation  is  necessary  in  reference  to  the  proper 
control  of  the  distribution  of  the  water  in  both  cities.  In  my  opinion 
it  should  be  entirely  under  the  control  of  this  office. 

On  the  Gochituate,  Groton,  and  Fairmount  water-works  the  meter 
system  is  being  gradually  introduced  in  order  to  prevent  unnecessary 
waste.  It  should  be  adopted  in  Georgetown  and  Washington,  especially 
at  hotels,  livery  stables,  factories,  and  other  establishments  where  large 
quantities  of  water  are  constantly  used. 

If,  however,  it  is  deemed  desirable  that  the  two  cities  shall  have  a 
supply  sufficiently  abundant  for  all  purposes,  it  can  be  had  only  by  com- 
pleting the  distributing  reservoir,  and  laymg  an  additional  main  of 
thirty  or  thirty-six  inches  in  diameter  from  the  effluent  pipe  vault  to 
Capitol  Hill.  No  estimate  of  the  cost  of  laying  a  new  main  is  submitted 
as  by  act  of  Congress,  whenever  it  becomes  necessary  to  lay  addi- 
tional mains,  the  expense  thereof  shaU  be  borne  by  the  corporations  of 
Georgetown  and  Washington. 

FIBB  PLTJOS. 

On  Pennsylvania  avenue,  between  the  Capitol  and  the  Treasury  De> 
partment,  there  are  fifteen  fire  plugs.  Two  of  them  are  in  good  order 
and  connected  with  the  twelve-inch  main.  The  others  are  old^nd  out 
of  repair,  and  are  connected  with  a  pipe  designated  as  the  four-inch  or 
spring  pipe.  This  pipe  is  in  a  lectky  condition,  and  nearly  worn  out. 
It  is  located  parallel  with  the  twelve-inch  main,  with  which  it  is  con- 
nected only  at  Third  street  west  and  Thirteen-and-ahalf  street  west. 
Owing  to  its  small  diameter,  and  the  distance  between  its  connections, 
only  two  plugs  can  be  supplied  by  it  at  a  time. 

It  is  respectfully  suggested  that  tiie  plugs  which  are  worn  out  should 
be  replaced  by  new  ones,  and  that  a  new  six-inch  pipe  should  be  laid  in 
place  of  the  four-inch. 

It  could  connected  with  the  twelve-inch  main  at  Third,  Sixth^  Twelfth, 
Thirteen-and-a-half,  and  ^Fourteenth  streets  west.  With  this  accom- 
plished, Pennsylvania  avenue  woold  have  a  bountifnl  supply  of  water 
in  the  event  of  fires.  As  it  is  now,  there  is  a  deficiency,  and  steamers 
have  to  obtain  their  supply  from  otiier  streets. 
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The  lands  occupied  by  the  Washington  Aquedact,  and  to  which  the 
United  States  have  no  title,  are  described  as  follows:  At  Great  Falla, 
5.44  acres,  belonging  to  the  estate  of  the  late  Hall  NeUson.  In  Mcmt- 
gomery  County,  the  road  across  the  farms  of  Jackson,  Collins,  Brooke, 
and  Aiiderson.  In  Gheorgetown,  at  the  high-service  reservoir,  a  lot  of 
land  fronting  on  High  street,  and  partly  covered  by  the  reservoir 
embankment,  owned  by  Mrs.  E.  M.  Mosher.  At  bridge  No.  6,  a  lot 
fironting  on  Montgomery  street,  the  property  of  Mrs.  Maria  0.  French. 
Each  of  the  above-described  parcels  of  land  will  be  required  always  for 
the  use  of  the  Washington  Aqueduct,  and  an  appropriation  should  bo 
made  for  their  purchase. 

FINANOIAL  STATEMENT 

At  the  date  of  the  last  annual  report  the  balance  in  the 
Treasury  applicable  to  this  woric:  was $32, 077  88 

Appropriated  by  Congress  for  engineering,  superintend^ 
ence,  and  repairs,  for  the  year  ending  June  30, 1870 25, 000  00 

Total 57,077  88 

The  expenditures  to  date  are  as  follows : 

For  amount  of  retained  percentage  due  contractors  for  the 

construction  of  the  Potomac  dam $5, 247  64 

For  construction  of  gate-house  at  Great  FaUs 1, 302  d4 

For  arching  with  bricks  laid  in  cement  a  portion  of  Dale- 

carlia  tunnel .   17, 792  34 

For  purchase  of  500,000  bricks  firom  the  United  States 

arsenal  for  Delecarlia  tunnel 2, 102  50 

For  raising  and  widening  embankments  over  conduit 1, 745  07 

For  putting  iron  beams  and  iron  floor  in  gate-house  at 

Great  FaUs 1,061  15 

For  repairs  to  water -pressure  engine  at  bridge  Ko.  6 609  39 

For  painting  bridge  No.  6 895  68 

For  office  rent 375  00 

For  office  expenses,  including  gas^  fuel,  and  stationery  . . .  153  39 

For  engineering,  superintendence,  and  repairs 18, 063  38 

For  balance  remaining  on  hand  September  30, 1869 7, 729  40 

Total 57,077  88 


From  the  above  statement  it  appears  that  the  amount  remaining  to 
the  credit  of  the  Washington  Aqueduct  is  only  $7,729  40.  This  sum  will 
not  be  sufficient  for  ordinary  expenses  during  the  remainder  of  the  fis- 
cal year.  By  referring  to  the  last  annual  report  it  will  be  seen  that  the 
estimated  amount  for  engineering,  superintendence,  and  repairs  for  the 

iear  ending  June  30, 1870,  was  $33,000 ;  Congress  appropriated  only 
25,000 ;  leaving  a  deficiency  of  $8,000, 

UsUmate  of  the  cost  of  completing  the  Washington  Aqueduct : 

For  rent  and  purchase  of  5^  acres  of  land  at  Great  Falls.    $1, 320  00 
For  purchase  of  road-way  from  Great  FaUs  to  conduit  road, 
2^  miles,  18^  acres 1,012  00 
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For  purchase  of  road-way  across  land  owned  by  William 

Brooke $550  00 

For  rent  and  purchase  of  land  at  high-service  reservoir  in 

Georgetown 3, 300  00 

For  rent  and  purchase  of  land  at  bridge  No.  6^  in  George- 
town         2, 640  00 

For  excavating  and  removing  rocks,  trees,  and  bushes 
from  the  Maryland  channel  of  the  Potomac  above  the 

Potomac  dam 6, 600  00 

For  lining  with  bricks  a  part  of  tunnel  Ko.  1 1, 050  00 

For  finishing  with  cut  stone  bridges  Nos.  1,  2, 3,  and  4 27, 500  00 

For  widening  and  raising  embankments  over  conduits,  and 

macadamizing  roads 11, 000  00 

For  completing  the  lining  of  Dalecarlia  tunnel  with  bricks     12, 000  00 
For  excavating  the  bottom  of  the  distributing  reservoir  to 
an  additional  depth  of  thirteen  feet  and  lining  the  inte- 
rior slopes  with  rubble  masonry  laid  in  cement 411, 115  00 

For  completing  gate-house  at  the  distributing  reservoir. . .      44, 538  00 

For  completing  high  service  reservoir 8, 800  00 

For  protecting  with  ripraps  the  water  face  of  the  connect- 
ing conduit  embankments 11,  OiW)  00 

For  ventilators  over  conduit 3, 080  00 

For  fencing  conduit  and  reservoirs 21, 000  00 

For  building  office  at  bridge  No.  6 3,300  00 

For  engineering,  superintendence,  and  repairs  for  the  fiscal 
year  ending  June  30, 1870 30, 000  00 

Total 599,305  00 


All  of  the  unfinished  work  described  in  the  foregoing  estimate,  with 
the  exception  of  the  distributing  reservoir,  can  be  completed  during  the 
next  fiscal  year  if  Congress  will  make  the  necessary  appropriation.  The 
BggregBi^  amount  of  which^  including  a  sufficient  sum  for  engineering, 
superintendence,  and  repairs,  is  $188, 190.  If  to  this  be  added  the 
amount  that  can  be  advantageoui^y  expended  in  continuing  the  con- 
struction of  the  distributing  reservoir,  $200,000,  the  total  will  be 
$388,190. 

Summary  of  the  appropriaUona  made  by  Congress  for  the  Washinffton 

Aqueduct. 

April  30, 1852 $5,000  00 

March  3, 1853 100,000  00 

March  3, 1855 250, 000  00 

August  18, 1856 250,000  00 

March  3, 1857 1,000,000  00 

Junel2,1858 800,000  00 

June  25,  1860 x......  600,000  00 

July  4, 1864 150, 000  00 

July  28, 1866 142,584  00 

December  20, 1866 12, 000  00 

March  2,  1 867 20, 000  00 

July  25, 1868 62,000  00 

March  3, 1869 25,000  00 

Total 3,307,084  00 
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If  to  this  be  added  the  amount  of  the  estimated  cost  of 
completing  the  Washington  Aqaednct $5d9, 305  00 

The  total  win  be 3,906,389  00 

A  comparatiyely  small  amount  when  compared  with  the  sums  already 
expended  by  the  cities  of  Boston,  New  York,  Philadelphia,  and  Balti- 
more, for  similar  purposes* 

The  cost  of  extending  the  Potomac  dam  entirely  across  the  river,  to 
the  Virginia  shore,  is  not  included  in  the  present  estimate ;  because  iinb 
completion  of  the  distributing  reservoir  to  its  contemplated  depth  win 
give  a  large  storage  capacity,  and  obviate  the  necessity  of  farther  extend- 
ing the  dam  for  many  years  to  come. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

THEODOEB  B.  SAMO, 

Chief  JESnffineer. 
Brevet  Brigadier  General  N*  Miohleb, 

Major  of  Engine^i  U.  S.  Army^  in  charge  o)  Tvhlic  BuUdingij  Se. 
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Office  of  Public  BurLDiNOS,  Grounds,  ajo)  Wobks, 

U.  8.  Capitol,  Washington,  D.  0.,  ApHl  6, 1869. 

General:  I  have  the  honor  to  acknowledge  the  receipt  of  your  letter 
of  the  3d  instant,  inclosing  a  communication  from  the  Hon.  B.  0.  Cook, 
chairman  of  the  Oommittee  on  the  District  of  Columbia,  together  with 
a  copy  of  a  resolution  of  the  House  of  Bepresentatives,  in  relation  to  .the 
present  condition  of  the  Washington  aqueduct.        •        •         •         • 

The  Washington  aqueduct  was  originally  projected  upon  its  present 
general  plan  and  location  by  Captain  M.  C.  Meigs,  United  States  Corps 
of  Engineers.  Its  construction  was  begun  A.  D.  1853.  on  the  8th  day  of 
November.  The  engineers  in  charge  have  been  as  follows :  Captain  H. 
O.  Meigs,  fipom  November  3,  1852,  to  July  17,  I860:  Captain  H.  W.  Ben- 
ham,  from  July  17, 1860,  to  December  — ,  1860;  Lieutenant  J.  St.  Clair 
Morton,  from  December  — ,  1860,  to  February  22, 1861 ;  General  M.  0. 
Meigs,  from  February  22, 1861,  to  June  18, 1862,  when  the  supervision 
of  the  work  was  transferred  by  act  of  Congress  from  the  War  Depart- 
ment to  the  Department  of  the  Interior. 

Under  the  Department  of  the  Interior  the  engineers  in  charge  have 
been  as  follows:  WiUiam  B.  Hutton,  from  June  18, 1862,  to  July  21, 
1863;  Silas  Seymour,  from  July  21,  1863,  to  June  5,  1865;  Theodom 
B.  Samo,  from  June  5, 1865,  to  April  19, 1867,  when  the  supervision  of 
the  work  was  transferred  by  act  of  Congress  from  the  Interior  Depart- 
ment to  the  War  Department,  and  placed  under  the  charge  of  tlie 
Chief  Engineer  of  the  army. 

The  departures  that  have  been  made  from  the  original  plans  of  Cap- 
tain Meigs  are  as  foUows : 

1.  A  dam  of  solid  masonry  at  Great  Falls,  instead  of  an  embankment 
of  broken  stone. 

2.  A  connecting  conduit  around  the  lower  end  of  the  receiving  reser- 
voir. 

3.  Slope-wall  facing  for  the  inner  slopes  of  the  distributing  reservoir, 
instead  of  focings  of  small  broken  stones. 

4.  Baising  the  dividing  bank  in  the  distributing  reservoir  to  the  foil 
height  of  the  outer  banks,  and  the  construction  of  a  gate-house  therein^ 
so  as  to  allow  of  the  independent  use  of  either  section  of  the  reservoir. 

5.  Excavating  the  bottom  of  the  distributing  reservoir  to  an  addi- 
tional depth  of  thirteen  feet,  so  as  to  increase  the  purity  of  the  water^ 
and  afford  twice  the  amount  of  storage  capacity. 

The  construction  of  the  Potomac  dam  was  begun  in  August,  1864,  and 
continued  until  January,  1865.  On  account  of  no  appropriation  having 
been  made  by  Congress  until  late  in  July,  1866,  the  work  was  not 
resumed  until  the  9th  of  August,  when  it  was  continued  until  December 
20,  and  then  suspended  for  the  winter.  The  work  was  again  resumed 
June  20, 1867,  and  continued  until  the  completion  of  the  foundation  an4 
superstructure  masonry,  December  20.  1867.  The  dam,  as  now  con- 
structed, extends  from  the  Maryland  snore  to  Conn's  Island,  a  distanoe 
of  995  feet,  and  gives  a  head  of  six  feet  of  water  in  the  aqueduct,  oi  a 
daily  supply  of  about  fifty  million  gallons.  It  is  contemplated,  ulti- 
mately, to  build  the  dam  entirely  across  the  river  to  the  Virginia  ^ore| 
of  sufficient  height  to  insure  a  supply  equal  to  the  fidl  capacity  of  the 
aqueduct,  which  is  about  eighty  million  gallons  daily.  During  tihe 
construction  of  the  Potomac  dam  the  work  was  often  damaged  and 
interrupted  by  freshets^  but  since  the  completion  of  the  foundation  and 
superstructure  masonry  it  has  sustained  no  damage,  and  an  examina- 
tion made  on  the  second  instant  shows  that  it  has  again  successftill;^ 
withstood  the  spring  freshets  of  the  Potomao  and  is  in  good  conditio^.' 
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It  is  weU  and  sabstantially  oonstmcted  in  aceordance  with  the  terma  of 
the  contract. 

The  connecting  conduit  was  began  in  July,  1864,  and  the  work  oon- 
tinned  until  Apiil  1, 1865,  when,  on  account  of  no  a{>propriation  haTin^ 
been  made  by  Congress  until  July  28, 1866,  the  work  was  suspended.  It 
was  resumed  early  in  August,  1866,  and*  prosecuted  untU  its  oompletioii 
August  8, 1867,  when  the  waters  of  Powder  Mill  Branch  and  the  reoei^- 
Ing  reservoir  were  shut  off,  and  the  water  of  the  Potomac,  which,  since 
December,  1863,  had  emptied  into  the  receiving  reservoir,  was  turxied 
-mto  the  new  conduit.  This  work  was  substantia&y  constructed  and  is  m. 
good  condition,  except  Dalecarlia  tunnel,  which  is  constructed  throng 
loose  rock  that  is  not  self-sustaining,  and  the  roof  is  supported  with 
timbers.  An  estimate  of  the  cost  of  arching  this  tunnel  was  made  and 
submitted  to  Congress  October  1, 1867,  and  October  1, 1868.  No  i^ppro- 
priation,  however^  was  made,  and  recently  a  numb^  of  the  timbers 
which  had  been  in  place  since  1864  decayed  and  broke,  and  a  liu^pe 
mass  of  the  loose  rock  fell  from  the  roof  and  choked  up  the  tunnel.  If 
an  appropriation  for  arching  this  tunnel  had  been  made  in  1867  this 
accident  would  not  have  happened.  As  more  than  three  hundred  feet 
of  the  roof  are  supported  by  timbers  it  is  probable  that,  during  the 
piresent  year^  other  slides  will  occur  and  largely  increase  the  estimated 
cost  of  ardhmg.  The  embankments  over  the  connecting  conduit  are 
washed  by  the  waves  of  the  reservoir,  and  an  appropriation  to  protect 
their  slopes  with  rip-raps  has  been  asked  for. 

No  appropriation  has  been  made  for  the  distributing  reservoir  sinoe 
June,  1860,  and  no  work  has  been  done  on  it  since  June,  1864 :  since  then 
4t  has  been  used,  in  its  unfinished  condition,  for  storage  and  filtering  of 
water  until  last  ^November,  when  an  examination  showed  that  its  unpro- 
tected banks  were  very  much  worn  by  the  waves,  and  that  there  was 
•danger  of  their  giving  way;  the  water  was,  therefore,  shut  off  from 
the  reservoir  and  it  was  gradually  emptied.  The  gate-houses  in  con- 
nection with  it  are  all  unfinished,  and  no  work  has  been  done  on  either 
•of  them  since  June,  1864 

Other  portions  of  the  Washington  aqueduct  are  yet  unfinished  and 
are  as  follows : 

At  Great  Falls,  a  part  of  tunnel  No.  1  requires  arching. 

Stone  bridges  1  and  2  require  coping. 

iBtone  bridges  3  and  4  require  parapets  and  coping. 

The  roadway  over  the  conduit  (being  used  for  a  public  highway) 
should  be  macadamized. 

At  Georgetown,  the  high-service  reservoir  should  be  finished. 

The  necessity  of  completing  the  unfinished  portions  of  the  Washing- 
ton aqueduct  has  been  fhlly  shown  in  the  annual  reports  of  the  engineers 
ja  chaxge,  and  detailed  estimates  of  the  cost  submitted  to  Congress,  as 
will  be  seen  by  reference  to  the  accompanying  rex)orts,  dated  1864  to 
1868,  inclusive. 

The  conduit,  firom  Great  Falls  to  the  distributing  reservoir,  has  a 
diioneter  of  nine  feet,  with  a  fall  of  nine  and  a  half  inches  to  the  mile, 
and  can  discharge  into  the  reservoir,  with  the  present  height  of  the 
Potomac  dam,  over  fifty  million  gallons  of  water  daily.  From  the  dis- 
tributing reservoir  the  water  is  conveyed  to  Georgetown  and  Washing- 
ton through  two  iron  mains  of  twelve  and  thirty  inches  diamet^ 
neapectively  f  these  two  mains  have  been  taxed  to  their  utmost  capacity 
for  several  years,  and  there  has  been  a  constant  complaint  from  the  con- 

rers  of  the  deficient  supply.   The  only  remedy  for  this  is  to  complete 
distributing  reservoir  and  lay  another  main  of  thirty  or  thirtjy- 
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inches  diameter  from  the  distributing  reservoir  to  Gai»tol  Hill.  The  fol- 
lowing is  extracted  from  the  first  annual  report  of  Captain  Meigs,  dated 
February  12, 1853: 

<<The  mains  leading  from  the  reservoirs  are,  I  think,  enough  for  the 
present.  In  a  few  years  it  will  be  necessary  to  enlarge  them.  Then  the 
twelve-inch  can  be  taken  up  and  relaid  in  the  distribution  of  the  city, 
its  place  being  supplied  by  one  of  thirty-six  inches.'' 

Since  December,  1863,  the  supply  of  water  has  been  uninterrupted; 
the  amount  daily  consumed  is  about  twelve  million  gallons — ^less  than 
one-fourth  of  the  amount  at  present  supplied  by  the  conduit;  the  sur- 
plus, for  want  of  mains  to  bring  it  to  the  city,  is  wasted  at  the  several 
waste-weirs  of  the  conduit. 

The  quality  of  the  water  consumed  is  similar  to  that  in  the  river  at 
the  Great  Falls.  When  the  river  is  swollen  during  freshets  the  water  in 
the  city  is  muddy  and  impure;  this  will  be  the  case  until  the  distribut- 
ing reservoir  is  completed. 

In  regard  to  the  lands  occupied  by  the  Washington  aqueduct  I  beg 
leave  to  refer  to  page  23  of  my  annual  report,  dated  October  1, 1868^ 
where  a  description  of  them  will  be  found.  The  land  at  Great  Falls  was 
taken  for  the  use  of  the  Washington  aqueduct  by  Captain  Meigs  in  1853. 
There  has  been  paid  for  it  a  nominal  rental  of  ten  dollars  and  eighty- 
eight  cents  per  annum. 

The  road  across  the  farms  of  Jackson,  Collins,  and  Anderson,  was 
taken  for  the  use  of  the  Washington  aqueduct  by  Silas  Seymour  in 
1863;  no  comx)ensation  has  been  paid. 

The  road  across  the  farm'  of  Wm.  Brooke  was  taken  for  the  use  of  the 
Washington  aqueduct  by  Silas  Seymour  in  1863  or  1864.  A  verbsd 
agreement  was  made  that  the  United  States  should  fence  both  sides  of 
the  road  and  buy  the  land  at  a  fair  valuation.  One  side  of  the  road  has 
been  fenced  and  a  yearly  rental  of  twenty-five  dollars  has  been  paid. 

In  Georgetown  tihe  lot  owned  by  Mrs.  Mosher,  and  the  lot  owned  by 
Mrs.  French,  were  taken  for  the  use  of  the  Washington  aqueduct  by 
Captain  Meigs  in  1861 ;  no  compensation  has  been  paid  for  either  lot. 

The  papers  inclosed  in  yours  of  the  3d  instant  are  herewith  returned. 
I  am,  generid,  very  respectfully,  your  obedient  servant, 

N.  MICHLER, 
Major  of  UngineerSj  Brevet  Brigadier  General  U.  8.  A, 

Brevet  M%jGr  General  A.  A.  Huhphbeyb, 

Chief  of  Engineers,  WashinffUmj  D.  0. 


Office  of  Ptjblio  BuiLDiNas.  Grounds,  and  Woeks, 

U.  S.  Oa^tolj  Washington,  B.  0.,  August  20, 1869. 

General  :  The  following  is  a  copy  of  a  letter,  dated  on  the  14th  inst, 
which  has  been  addressed  to  the  Hon.  Secretary  of  War  by  a  commit- 
tee on  the  part  of  the  corporate  authorities  of  the  dty  of  Georgetown; 
in  relation  to  the  probable  extent  of  damage  and  injury,  if  any,  that 
may  be  done  the  G^rgetown  or  Virginia  channel  of  the  Potomac  River 
by  the  repairs  now  being  made  upon  the  railroad  bridge  across  it: 

Oeobobtown,  D.  C,  August  14, 1869. 

Dbar  Sm:  The  undeTBlffned,  a  oommlttee  on  the  part  of  the  corporate  authorities  of 
the  city  of  Georgetown,  S.  C,  respeotfnlly  represent  that,  haying  been  advised  that 
certain  repairs  are  bein^  made  upon  the  railroad  bridge  over  the  Potomac  River,  which 
may  have  the  effect  to  impair  and  destroy  the  channel  of  that  river  so  far  as  the  port 
of  Georgetown  is  concerned,  and  being  desirous  of  ascertaining  the  probable  extent  of 
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fliich  damage  and  ii^iuyfitnn  thoM  most  competent  to  gire  an  opinion  upon  tbe  sub- 
joety  they  reqneet  that  yon  will  oanae  an  examination  to  be  made  for  this  pnrpoae  by 
tiie  proper  officers  of  yoor  department,  and  the  result  communicated  to  the  ooiporale 
anthorities  of  onr  city. 

Very  respeotfnlly,  your  obedient  servants,  ^^ 

A.  M.  SWJSErl  Ya  JMjfOTm 
CHAS.  F.  PECK,  Eeeordar,  #& 
JOS.  L.  SIMMS. 
General  John  A.  Rawlins,  Seordary  of  War, 

m 

The  above  letter  was  referred  to  me,  with  instmctions  to  give  imme- 
diate attention  to  the  subject,  and  to  report  the  result  of  my  examina- 
tion.   In  connection  with  this  matter,  I  respectfully  submit  for  your 
information  the  two  inclosed  letters,  marked  A  and  B.     The  first 
was  addressed  to  the  receiver  of  the  Washington,  Alexandria,  and 
Georgetown  Railroad  Company,  calling  his   attention   to   the   plan 
being  executed  by  said  company  for  the  repairs  of  the  railroad  bridge, 
and  respectfully  remonstrating  against  the  adoption  of  it,  believing 
that  it  would  prove,  during  the  winter  and  seasons  of  fresheta,  not 
only  damaging  to  that  bridge,  as  well  as  the  one  known  as  the  liong 
or  Potomac  bridge,  running  parallel  to  it,  but  also,  by  further  obstmct- 
ing  the  bed  of  the  river,  tend  to  injure  the  main  and  only  channel 
communicating  with  Georgetown.    While  the  commercial  interests  of 
the  latter  place  must  ever  be  jealous  of  any  encroachment  or  any  ob- 
structions which  might  prove  even  in  the  slightest  degree  detrimental 
to  the  channel,  it  is  equally  important  that  an  unbroken  communication 
by  rail  should  be  had  between  the  North  and  South ;  but  both  interests 
can  be  conserved  by  adopting  a  liberal  and  comprehensive  policy.    Hie 
railroad  company  could  have  accepted  other  plans  for  the  strengthening 
of  certain  spans  of  the  bridge  than  the  one  adopted  by  piles,  such  as 
the  one  which  is  now  being  used  in  other  spans  of  the  same  work;  they 
might  not  all  be  equally  economical,  but  would  certainly  prove  equally 
efficacious,  and  at  the  same  time  remove  all  the  cause  of  fear  as  to  injur- 
ing the  channel.    The  second  letter,  marked  B,  is  in  reply  to  the  former 
one.    In  this  the  receiver  states  that  the  "piles  now  being  driven  in  the 
southern  channel  of  the  river  for  the  support  of  the  five  long  spans  of 
the  bridge  are  only  intended  as  a  temporary  means  of  strengthening  the 
bridge  to  accommodate  the  demand  of  the  public  for  immolate  travel, 
and  to  be  used  as  false  works  in  the  construction  of  a  more  suitable 
structure  at  that  point,  to  be  erected  at  an  early  day:  various  plans  fat 
which  have  already  been  submitted,  but  not  yet  folly  decided  upon." 
This  reply  I  deemed  perfectly  satisfactory,  and  took  no  further  action 
in  the  matter,  although,  to  my  mind,  the  repairs  seemed  to  be  of  a  de- 
cidedly permanent  character,  at  least  as  much  so  as  the  bridge  itsel£ 
The  subject  is  now  again  brought  to  my  attention  by  the  questions  sub- 
mitted by  the  committee  on  the  part  of  the  corporate  authorities  of  tiie 
city  of  Georgetown.    Before  proceeding  to  answer  the  inquiries,  I  have 
thought  it  advisable  and  interesting,  as  a  matter  of  history,  to  examine 
all  the  laws,  charters,  plans,  and  estimates  of  the  several  bridges  in  the 
District,  and  under  the  control  of  the  government,  to  ascertain  whether 
any  restrictions  have  been  placed  by  legislative  enactments  upon  the 
dimensions  of  their  spans,  the  nature  of  the  material  to  be  used,  the  dif- 
ferent sites  for  their  locations,  their  approaches,  their  construction,  and 
more  especially  whether  any  laws  exist  regulating  the  several  conflicting 
interests  of  the  respective  bridges,  and  the  ship  channels  passing  through 
them;  also,  to  ascertain  in  whom  the  iK)wer  rests  to  preserve  the  navi- 
gation of  both  the  Potomac  and  Anacostia  Rivers. 

The  following  are  the  sevend  acts  and  parts  of  acts  relating  to  the 
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matter,  which  have  been  compiled  from  the  several  volnmes  of  the  United 
States  Statutes  at  Large,  published  by  an  order  of  Congress : 

1.  <<  An  act  authorizing  the  corporation  of  Georgetown  to  make  a 
dam  or  causeway  from  Mason's  Island  to  the  western  shore  of  the  river 
Potomac,''  approved  January  19, 1805. — (Vol.  1,  page  168.) 

2.  ^^  An  act  authorizing  the  erection  of  a  bridge  over  the  river  Poto- 
mac to  Alexander's  Island,"  approved  February  5, 1808. — (YoL  1,  page 
177.) 

The  following  in  brief  are  some  of  the  features  of  this  act:  To  be  a 
Ij^ood  and  sufficient  bridge  at  least  thirl^-six  feet  wide,  with  a  secure  rail- 
ing on  each  side  four  feet  high  and  a  width  of  six  feet  for  a  way  for 
foot  passengers ;  to  have  a  convenient  and  sufficient  draw,  at  least 
thirty  feet  wide,  over  the  main  channel  for  the  passing  and  repassing  of 
vessels  by  day  and  night ;  a  well-constructed  and  substantial  wharf  to 
be  erected  on  piles  on  each  side  of  the  bridge  and  adjoining  or  near  the 
said  draw,  in  every  respect  sufficient  for  ships  and  other  vessels  to  lie  at 
securely  and  free  of  charge  untU  a  suitable  opportunity  offers  for  pass- 
ing; each  leaf  of  the  draw  to  be  twenty  feet  in  width  instead  of  thirty- 
six,  the  width  of  the  bridge,  and  to  be  removed  to  wherever  the  channel 
may  pass  under  the  bridge.  A  draw  or  passage  way  of  at  l^ast  fifteen  feet 
in  width  to  be  made  in  said  bridge  across  the  other  channel,  commonly 
called  the  Maryland  channel,  provided  the  same  shall  appear  necessary 
on  a  view  and  survey  thereof.  Bridge  and  wharves  to  be  erected  and 
finished  within  t.ye  years  from  and  ^ter  the  first  day  of  October,  180^ 
and  should  it  remain  two  years  out  of  repair  so  as  to  be  unsafe  for  traveL 
the  powers,  authority,  privilege,  emoluments,  and  immunities  grantea 
to  the  company  shall  cease  and  become  absolutely  forfeited,  ^e  toll 
to  be  taken  at  said  bridge  to  be  receivable  by  the  said  corporation  for 
and  during  the  term  of  ^ixty  years  fh>m  the  day  when  the  bridge  shall 
be  opened  for  passengers,  after  which  time  it  shall  be  the  property  of 
the  United  States. 

3.  ^^  An  act  to  enable  the  C^eorgetown  Potomac  Bridge  Company  to 
levy  money  for  the  object  of  its  incorporation,"  approved  February  22^ 
1811.— (Vol.  1,  page  302.) 

4.  ^'  An  act  for  the  relief  of  the  Eastern  Branch  Bridge  Company,'' 
approved  March  3, 1815.— (Vol.  1,  page  302.) 

5.  "An  act  for  the  relief  of  the  Anacostia  Bridge  Company,"  al[)proved 
March  3, 1815.— (Vol.  1,  page  302.) 

An  act  of  Maryland  incorporated  this  bridge  company  in  1797. 

6.  "  An  act  to  incorporate  a  company  to  build  a  bridge  over  the  East- 
em  Branch  between  Eleventh  and  Twelfth  streets  east,"  approved  Feb- 
ruary 24, 1819.— (Vol.  1,  page  334.) 

According  to  the  provisions  of  this  act  the  bridge  was  to  be  at  least 
twenty-five  feet  wide,  with  a  draw  thirty  feet  in  width,  and  to  be  built  in 
three  years.  Authority  was  given  to  collect  tolls ;  but  if  the  bridge  was 
out  of  repair  for  two  years  so  as  to  be  unsafe  for  traveling,  then  all 
powers,  privileges,  and  immunities  were  forfeited. 

7.  "  An  act  to  alter  the  bridge  and  draws  across  the  Potomac  from 
Washington  to  Alexander's  Island,"  approved  May  14,  1836.— (Vol.  1, 
page  549.) 

This  act  authorizes  the  corporation  of  Georgetown  to  form  a  draw  in 
the  bridge  leading  from  Washington  City  to  Alexandria,  across  the, 
Potomac  River,  not  less  than  sixty-six  feet  in  length,  nor  less  than* 
twelve  wide ;  and  for  defraying  the  expenses  of  making  said  draw,  the 
first  appropriation  of  $6,000  is  made.    The  bridge  company  are  per* 
mitted  to  reduce  tiie  width  of  the  bridge  to  twenty -four  feet,  leaving  four 
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fidet  on  one  side  for  foot  passengers.  In  making  the  draw  the  oppoBito 
sides  of  the  wharves  are  to  be  curved  off  in  a  eirenlar  foim  and  thesidjeft 
of  the  spaces  covered  by  said  draw  to  be  sufficiently  and  stroii^ j 
planked  up  on  each  side.  Authorizes  the  corporation  of  Washington  to 
ibrui  a  draw  iu  said  bridge  over  the  eastern  channel  of  said  river  tbirty- 
five  feet  wide,  for  which  purpose  an  appropriation  of  $2,000  is  made. 

8.  The  following  is  an  extract  from  an  act  supplementary  to  an  act  to 
incorporate  the  inhabitants  of  the  city  of  Washington,  and  is  found  is 
vol.  2,  page  215,  sec  3 :  That  the  council  shall  have  power  to  <^  superm- 
tend  the  health  of  the  city,  to  preserve  the  navigation  of  the  Potomae 
and  Anacostia  Kivers  adjoining  the  city,  to  erect,  repair,  and  regalate 
public  wharves,  to  deepen  the  docks  and  various  basins,"  &c. 

9.  ^^Au  act  providing  for  the  purchase  by  the  United  States  of  the 
rights  of  the  Washington  Bridge  Company,  and  for  the  erection  of  a 
public  bridge  on  the  site  thereof,''  approved  July  14,  1832.— (VoL  4, 
page  582.) 

This  act  appropriates  $20,000  for  the  purchase  of  the  rights  of  tiie 
Washington  Bridge  Company,  and  authorises  the  President  of  the 
United  States  to  ^^ cause  to  be  erected  upon  the  site  of  the  present 
bridge  a  good  and  sufficient  bridge  across  the  river  Potomac,  of  siieli 
materials  and  upon  such  plan  of  construction  as  he  shall  approve  and 
direct :  Prwoided^  That  the  said  bridge  be  so  constructed  as  to  have  a 
draw  therein  suitable  for  the  safe  passage  of  vessels  of  the  largest 
dimensions,  capable  of  navigating  the  Potomac  Kiver  above  the  said 
bridge,  not  less  than  sixty  feet  at  the  least;  and  also  on  each  side  of  Ae 
said  draw,  and  at  a  suitable  distance  therefrom,  an  arch  of  sufficient 
elevation  to  admit  the  passage  under  the  same  of  an  ordinary  steam- 
boat, which  said  draw  and  arch  shall  be  at  the  Virginia  channel  in  the 
said  river :  And  provided  further^  That  there  shaU  be  a  similar  draw  at  tiie 
Maryland  channel,  of  not  less  than  thirty-five  feet,  with  a  similar  arcJi : 
And  provided  aUo,  That  in  the  selection  of  the  material  and  in  the  con- 
struction of  said  draws  and  arches  all  practicable  attention  shall  be  bad 
to  the  preservation  of  the  navigation  of  the  said  river."    By  the  same 
act  $60,000  dollars  is  appropriated  for  the  construction  of  the  bridge 
and  works  as  authorized  and  directed. 

10.  ^^An  act  in  relation  to  the  Potomac  Bridge,"  approved  March  9: 
1833— (Vol.  4,  page  646.) 

This  act  recites  that  '^so  soon  as  the  President  of  the  United  States 
shall  decide  on  a  plan  for  the  erection  of  a  bridge  over  the  Potomae 
Biver  at  Washington,  on  or  adjoining  the  site  of  the  old  bridge,  the 
Secretary  of  the  Treasury  is  hereby  required  to  advertise  tbr  contnietB, 
after  givmg  at  least  thirty  days'  notice^''  and  for  the  construction  of  the 
bridge  $200,000  is  appropriated. 

11.  ^^Ab  act  to  improve  the  navigation  of  the  Potomac  Siver  between 
G^rgetown  and  Alexandria,  and  for  other  purposes,"  approved  Mareh 
8, 1833.— (Vol.  4,  page  646.) 

By  this  act  $150,000  is  appropriated  to  remove  obstructions,  by  enlarg- 
ing and  deepening  the  channel;  to  make  a  turnpike  to  the  District  line 
on  the  Virginia  side;  and  to  purchase  the  bridge  over  the  Little  Falls 
of  the  Potomac  Kiver.  It  also  provides  that  the  corporation  of  G^eorge- 
town  shall  pass  an  ordinance  to  make  said  road  and  bridge  free,  and  to 
be  kept  in  repair  by  said  corporation  forever. 

12.  ^<An  act  authorizing  the' construction  of  a  bridge  across  the  Poto- 
mac and  repealing  all  acts  already  passed  in  relation  thereto,"  approved 
June  30, 1834.— (Vol.  4,  page  727.) 

By  this  act  ail  previous  acts  are  repealed,  except  so  much  of  tiie 
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former  as  authorized  the  purchase  of  the  right  of  the  Washington 
Bridge  Oompany.  The  Secretary  of  the  Trec^ury  is  authorized  and 
requ&ed  to  contract  for  the  reconstruction^  on  the  site  of  the  present 
bridge,  of  a  bridge  on  tbe  plan  of  that  originally  constructed  there  by 
the  Washington  Bridge  Company:  Pnnlidedj  That  the  draw  at  the 
southern  channel  of  the  river  be  not  less  than  sixty-six  feet,  and  at  the 
northern  channel  not  less  than  thirty-five  feet;  that  a  space  or  spaces 
not  exceeding  in  all  one  thousand  six  hundred  and  sixty  feet  of  the 
shoal  or  shoals,  over  which  the  present  bridge  passes,  may  be  filled  up 
by  a  solid  embankment,  in  parts  if  convenient,  of  earth  obtained  by 
dredging  the  river  channel.  A  sum,  not  to  be  exceeded,  of  $130,000  is 
appropriated. 

13.  <^An  act  to  amend  an  act  entitled  ^An  act  authorizing  the  con- 
struction  of  a  bridge  across  the  Potomac  and  repealing  the  acts  already 
passed  in  relation  thereto,'"  approved  March  3, 1835. — (Vol.  4,  page  773.) 

Amended  so  far  as  to  authorize  a  connection  by  a  solid  embankment, 
across  the  middle,  commonly  called  the  south  channel,  of  the  river 
Potomac,  of  the  two  embankments  now  constructing  on  the  shoals  of 
the  said  river,  and  the  addition  of  the  several  improvements  upon  the 
plan  of  the  said  bridge,  contemplated  in  the  contract  for  the  construe^ 
tion  thereof,  which  are  recommended  in  the  letter  of  the  engineer  super- 
intending the  said  work  to  the  Seiraretary  of  the  Treasury  bearing  date 
December  1, 1834,  and  transmitted  to  the  House  of  Representatives  on 
the  eighth  day  of  said  month.  The  said  improvement  shall  not  cause 
the  entire  cost  of  said  bridge  to  exceed  iq  amount  the  sum  of  $130,000 
already  appropriated. 

14.  ^^A  resolution  authorizing  the  repair  of  the  bridge  across  the  river 
Potomac  at  Washington,"  approved  June  7, 1836. — (Vol.  5,  page  132.) 

That  the  Secretary  of  the  Treasury  be  authorized  to  have  all  the 
repairs  made  to  the  bridge  which  have  become  necessary  from  the  late 
flood,  and  that  the  expenses  of  said  repairs  be  paid  out  of  the  money 
heretofore  appropriated  for  the  erection  of  said  bridge,  and  which  is  now 
in  the  treasury  unexpended. 

15.  '^A  resolution  to  apply  the  unexpended  balance  of  the  appropria- 
tion for  the  Potomac  bridge  to  the  improvement  of  Maryland  avenue 
leading  thereto,  and  for  other  purposes,"  approved  July  1, 1836. — ( Yol. 
5,  page  134.) 

This  act  provides  that  the  money  appropriated  be  applied,  under  the 
direction  of  the  Commissioner  of  Public  Buildings,  towards  the  gradua- 
ti(Hi,  graveling,  and  planting  of  the  Maryland  avenue,  &c.;  that  it  shall 
be  the  duly  of  the  Commissioner  of  Public  Buildings  to  attend  to  the 
draws,  cause  the  bridge  to  be  property  lighted,  to  gimrd  against  wanton 
iiyuries  and  obstructions,  and  to  preserve  a  due  police  on  and  near  it,  so 
as  to  insure  the  safety  of  passengers  and  of  the  public  proi>erty ;  that 
said  commissioner  shall  receive  for  his  services  the  yearly  compensation 
of  three  hundred  dollars,  and  be  authorized  to  employ  three  assistants 
at  a  compensation  not  exceeding  one  dollar  and  a  half  a  day. 

16.  ^'An  act  to  extend  the  jurisdiction  of  the  corporation  of  the  city 
of  Washington  over  the  Potomac  Bridge,"  approved  March  3,  1839.-* 
(Yol.  5,  page  364.) 

17.  ^^  An  act  to  provide  for  repairing  the  Potomac  Bridge,"  approved 
September  11, 1841.— (Yol.  5,  page  462.) 

This  act  appropriates  the  sum  of  $16,800,  in  addition  to  the  sum 
heretofore  appropriated,  for  the  repairs  of  the  bridge.  It  also  enacts 
that  the  said  sum  shall  be  expended  under  the  direction  of  ih»  Secre^ 
tory  of  War,  in  the  following  manner,  to-wit :    He  shall  designate 
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some  competent  officer  of  the  engineer  corps  to  draw  plans,  and  make 
specifications  of  the  work  to  be  performed,  and  estimates  of  the  cost  or 
value  thereof,  which  shall  not  exceed  the  sum  of  forty-five  thousand 
eight  hundred  and  six  dollars;  the  officer  thus  select^  shall  lay  his 
plans,  specifications,  and  estimates  before  the  Secretary  of  War  for  his 
approval,  and  the  said  Secretary  shall  thereupon  cause  the  work  to  be 
constructed  upon  the  plan  most  approved  by  him,  under  the  inunedi- 
ate  superintendence  of  some  competent  officer  of  either  engineer  corps, 
who  shall  make  all  necessary  contracts  for  materials  and  labor,  and  caoae 
the  work  to  be  constructed  in  the  best  and  most  substantial  manner,  within 
the  estimates  and  according  to  the  plan  approved  by  the  Secretary  of 
War,  and  under  the  orders  and  general  direction  of  said  Secretary,  who 
will  from  time  to  time  cause  such  advances  of  the  amounts  for  this  ob- 
ject appropriated  as  he  may  deem  nexsessary  and  proper,  lliat  the 
timbers,  or  such  of  them  as  the  superintending  engineer  may  think  fit, 
shall  be  mineralized,  &c.,  &c.,  &c. 

18.  ^'  An  act  to  extend  the  jurisdiction  of  the  corporation  of  Oeorge- 
town,"  approved  July  27, 1842.— (Vol.  5,  page  497.)  This  act  extends 
the  jurisdiction  of  the  corporation  of  Georgetown  so  as  to  inclade  the 
bridge  lately  constructed  by  said  corporation  across  the  river  Potomac 
at  the  Little  Falls,  and  the  site  of  said  bridge  and  premises  api>ertain- 
ing  td  said  site ;  and  that  so  often  and  as  long  as  said  bridge  shall  here- 
af^r  from  any  cause  be  impassable,  it  shall  and  may  be  lawAil  for  the 
proprietors  of  land  on  both  sides  or  the  said  river,  through  which  the 
ferry  road  to  connect  with  the  Little  Falls  Bridge  turnpike  must  neces- 
sarily pass,  and  they  are  hereby  authorized  and  empowered  to  establish 
and  keep  a  ferry,  &c. 

19.  '<  An  act  making  appropriations  for  the  dvil  service  for  the  year 
ending  June  30, 1849,  and  for  other  purposes,"  approved  Augast  12, 
1848.— (Vol.  9,  page  284.)        •••••••         • 

For  the  purchase  of  one  or  both  of  the  bridges  over  the  Eastern  Branch, 
at  a  valuation  to  be  made  in  such  manner  as  the  Secretary  of  the 
Treasury  may  direct,  a  sum  not  exceeding  thirty  thousand  dollars,  when 
purchased  to  be  free  of  toll.  For  compensation  and  contingent  exp«[ises 
of  the  auxiliary  guard,  $6,775. 

20.  ^<  An  act  making  appropriations  for  certain  civil  expenses  of  the 
government  for  the  year  ending  June  30,  1857,"  approved  August 
18, 1856.— (Vol.  11,  page  117.) 

For  repairs  of  Potomac  l^avy  Yard  and  Upper  bridges,  $11,000,  and 
with  a  view  to  the  construction  of  a  new  and  substantial  bridge  across 
the  Potomac,  the  Secretary  of  the  Interior  be,  and  he  is  hereby,  aathor- 
ized  to  cause  drawings  and  estimates  of  an  iron  suspension  bridge,  and 
also  for  a  stone  arched  bridge,  to  be  prepared  and  submitted  to  Con- 
gress at  its  next  session ;  and  with  a  future  view  of  enabling  CongresB 
to  select  the  most  eligible  site  for  said  bridge,  the  Secretary  aforesaid  is 
instructed  to  cause  drawings  and  estimate  to  be  prepared  at  or  near 
the  site  of  the  present  Potomac  bridge;  another  at  or  near  a  place 
known  as  the  ^^  Three  Sisters,"  and  another  at  such  intermediate 
point  as  may  be  deemed  most  eligible. 

21.  <<  An  act  to  extend  the  jurisdiction  of  the  corporation  of  the  city 
of  Washington  over  the  Lower  Eastern  Branch  or  Navy  Yard  bridge, 
and  for  other  purposes,'^  approved  Aug.  18,  1856. — (VoL  11,  page  117.) 

22.  ^<  An  act  making  appropriations  for  certain  dvil  expenses  of  the 
government  for  the  year  ending  30th  June,  1858,"  approved  March  a, 
1857.— (Vol  11,  page  221.) 

For  repairs  of  the  Potomac,  Kavy  Yard,  and  Upper  bridges,  $6,00a 
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23.  <^  An  act  making  appropriations  for  sundry  civU  expenses  of  the 
government  for  the  year  ending  Jane  30,  1859,"  approved  Jane  12, 
1858.— (VoL  11,  page  319.) 

For  the  repairs  of  the  Potomac,  Navy  Yard,  and  Upper  bridges, 
$6,000.  To  pay  the  residue  of  the  salary  of  the  engineer  for  construct- 
ing the  bridge  across  the  Potomac  at  Little  Falls,  $2,589  67,  and  for 
painting  the  hand  rails  and  iron  work  of  said  bridge  $400.  And  the 
bridge  is  hereby  placed  under  the  protectioji  of  Georgetown,  with  power 
to  regulate  the  speed  of  travel  and  the  passage  of  droves  of  cattle  over 
the  same,  but  no  toll  shall  be  charged. 

24.  ^' An  act  making  appropriations  for  sundry  civil  expenses  of  the 
government  for  the  year  ending  the  30th  of  June,  I860,''  approved 
March  3, 1869.— (Vol.  11,  page  425.) 

For  the  repairs  of  the  Long  bridge  over  the  Potomac  River  at  Wash- 
ington, $5,000,  to  be  expended  under  the  direction  of  the  Commissioner 
of  Public  Buildings. 

25.  ^' An  act  to  reimburse  the  corporation  of  Georgetown,  in  the  Dis- 
trict of  Columbia,  a  sum  of  money  advanced  toward  the  construction  of 
the  Little  FaUs  bridge,"  approved  June  12,  I860.— (Vol.  12,  page  29.) 

$4,600  is  appropriated. 

26.  ^^  An  aet  making  appropriations  for  sundry  civil  expenses  of  the 
government  for  the  year  ending  June  30,  1861,''  approved  June  25, 
I860.— (Vol.  12,  page  29.) 

For  the  repairs  of  the  Potomac^  IS'avy  Yard,  and  Upper  bridges,  $6,000. 

27.  ^^  An  act  making  appropriations  for  sundry  civil  expenses-  of  the 
government  for  the  year  ending  June  30, 1862,  and  appropriatious  of 
arrearages  for  the  year  ending  June  30, 1861,"  approved  July  24, 1861. — 
(Vol.  12,  page  271.) 

For  repairs  of  the  Potomac,  Navy  Yard,  and  Upper  bridges  and  the 
roads  appurtenant  thereto,  $10,000. 

28.  '^  An  act  to  provide  for  the  repairs  of  the  Long  bridge  across  the 
Potomac  River,"  approved  August  6, 1861. — (Vol.  12,  page  271.) 

That  the  sum  of  twenty  thousand  dollars  be^  and  is  hereby,  appropri- 
ated for  the  repairs  of  the  present  Long  bridge  across  the  Potomac 
River. 

29.  ^' An  act  making  appropriations  for  sundry  civil  expenses. of  the 
government  for  the  year  ending  30th  of  June,  1863,  and  additional 
appropriations  for  the  year  ending  30th  of  Jane,  1862,"  approved  July 
11, 1862.— (Vol.  12,  page  533.) 

For  repairs  of  Potomac,  Navy  Yard,  and  Upper  bridges  and  the  road 
appurtenant  thereto,  $6,000. 

30.  ^^  An  act  making  appropriations  for  sundry  civil  expenses  of  the 
government  for  the  year  ending  June  30, 1864,  and  for  the  year  ending 
June  30, 1863,"  approved  March  3, 1863.— (Vol.  12,  page  744.) 

For  the  repairs  of  the  Potomac,  Navy  Yard,  and  Upper  bridges,  and 
the  roads  appurtenant  thereto,  and  to  repair  tne  house  occupied  by  the 
bridge  keeper  at  the  navy  yara,  and  to  erect  a  wing  wall  to  protect  the 
same,  $11,585. 

31.  ^^  An  act  to  extend  the  charter  of  the  Alexandria  and  Washington 
Railroad  Company,  and  for  other  purposes,"  approved  March  3, 18^. — 
(Vol.  12,  page  805.) 

This  act  authorizes  the  Washington  and  Alexandria  Railroad  Com* 
pany  to  extend  their  railroad  from  the  south  side  of  the  Potomac  Biver 
across  said  river,  to  and  along  Maryland  avenue  to  the  Capitol  grounds, 
&c.,  and  empowers  the  company  ^<to  make  such  additional  structure  or 
passage-way  along  either  siae  of  the  Potomac  bridge  as  may  render  the 
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same  safe  for  public  nae.  and  so  as  not  to  hinder  the  general  nse  of  said 
bridge  for  ordinary  travel,  which  shaU  be  ascertained  by  one  or  more 
experienced  civil  engineers,  who  shall  report,  by  proper  snrveys  and 
estimates,  to  the  Secretary  of  the  Interior  for  his  approval ;  the  whole 
cost  of  wnich  survey  and  construction  of  said  additional  bridges  for  tbe 
purposes  aforesaid  to  be  paid  by  the  said  company.  And  the  said  com- 
pany shall  construct  such  draws  as  shall  correspond  with  those  now  in 
use  on  the  said  bridge,  and  of  such  model  as  shall  be  determined  by  the 
Secretary  of  the  Interior,  and  which  shall  afford  reasonable  facilities  for 
navigation  on  the  Potomac  River.'^ 

32.  ^^  An  act  making  appropriations  for  sundry  civil  expenses  of  the 
government  for  the  year  ending  the  30th  of  June,  1862,  and  for  other 
purposes,''  approved  July  2, 1864. — (Vol.  13,  page  344.) 

For  repairs  of  Potomac  and  Upper  brides,  $6,000 ;  for  repairs  of 
Navy  Yard  bridge,  425,000 ;  for  repairs  of  Little  Falls  bridge,  $250. 

33.  '<  An  act  making  appropriations  for  sundry  civil  exp>enses  of  the 
government  for  the  year  ending  June  30, 1866,  and  additional  appro- 
priations for  the  current  fiscal  year,''  approved  March  3, 1865.— ^VoL 

13,  page  445.) 

For  repairs  of  the  Navy  Yard  bridge,  to  enable  the  Gommissioner  of 
Public  Bmldings  to  erect  a  new  draw,  $1,000. 

34.  ^<  An  act  making  additional  appropriations,  and  to  supply  the  de- 
ficiency in  the  appropriations  for  sund]^  civil  expenses  of  die  govern- 
ment.''— (Vol.  14,  page  14.) 

For  repairs  of  the  Potomac  and  Upper  bridges,  $6,000. 

35.  ^^  An  act  making  appropriations  for  sundry  civil  expenses  of  the 
government  for  the  year  ending  June  30, 1867,  and  for  other  parposesy' 
approved  July  28, 1866.— (Vol.  14,  page  310.) 

To  enable  the  Gommissioner  of  Public  Buildings  to  put  in  thorough 
repair  the  bridge -across  the  Potomac  at  Little  Falls,  in  accordance  with 
the  estimates  of  the  engineer,  $2,410.  For  casual  repairs  of  the  Potomac 
Navy  Yfurd,  and  Upper  bridges,  $6,000.  For  erecting  a  new  draw  in  Navy 
Yard  bridge,  $5,000. 

36.  ^<  Joint  resolution  making  an  appropriation  for  the  repairs  of  the 
Potomac  bridge,''  approved  June  18, 1866. — (Vol.  14,  page  360.) 

That  the  sum  of  $10,000  be  and  the  same  is  hereoy  appropriated  to 
enable  the  Commissioner  of  Public  Buildings  to  place  the  Potomac  bridge 
in  such  repair  as  to  render  it  permanently  passable,  the  work  to  be  done 
immediately  after  the  approval  of  this  joint  resolution. 

37.  ^'.  An  act  making  appropriations  for  sundry  civil  expenses  of  the 
government  for  the  year  ending  June  30, 1868,  and  fbr  other  purposes," 
approved  March  2, 1867. — (Vol.  14,  pace  467.) 

For  casual  repairs  of  the  Navy  Yard  and  Upper  bridges,  $6,000. 

38.  ^<  An  act  making  appropriations  to  supply  deficiencies  in  the  ap- 
propriations for  the  service  of  the  government  for  the  fiscal  year  ending 
June  30, 1867,  and  for  other  purposes,"  approved  March  2, 1867.— -{Vol 

14,  page  468.) 

To  pay  deficiencies  and  keep  in  repair  the  bridge  at  or  near  the  litfle 
Falls,  Potomac  Biver,  $3,350. 

39.  ^<  An  act  making  appropriations  to  supply  deficiencies  in  the  ai>- 
propriations  for  contingent  expenses  of  the  Senate  of  the  United  States 
for  the  fiscal  year  ending  June  30, 1867,  and  for  other  purposes,"  ap- 
proved March  29, 1867. 

For  the  repairs  of  the  Long  bridge.  District  of  Columbia,  to  be  ex- 
pended under  the  direction  of  the  Secretary  of  War,  $15,000. 
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40.  <^  An  act  making  appropriations  for  sundry  civil  expenses  of  the 
government  for  the  year  ending  Jane  30,  1869,"  approved  July  20. 
1868. 

For  casual  repairs  of  the  Navy  Yard  and  Upper  bridges,  $3,000.  For 
repairs  and  taking  care  of  the  bridge,  at  or  near  the  Little  Falls  of  the 
Potomac  River,  $26,000.    For  repairs  of  the  Long  bridge,  $15,000. 

41.  '^  An  act  making  appropriations  for  sundiy  civil  expenses  of  the 
government  for  the  year  ending  June  30, 1870,  and  for  other  purposes," 
approved  March  3, 1869. 

For  repairs  of  the  Long  bridge,  $6,000.  For  casual  repairs  of  the 
Navy  Yard  and  Upper  bridges,  93,000.  For  repairs  and  taking  care  of 
the  bridge,  at  or  near  the  Little  Falls,  $2,000. 

It  is  to  be  regretted  that  but  few  of  the  reports,  plans,  and  estimates 
of  the  different  bridges  are  now  available,  and  it  would  require  very 
diligent  search  to  find  them  among  the  archives  of  the  several  depart- 
ments having  at  different  times  the  control  of  the  building  and  repair  of 
these  structures;  but  in  their  absence,  several  interesting  facts  concern- 
ing those  works,  aside  from  the  various  amounts  appropriated  and  ex- 
pended upon  them,  are  furnished  by  the  statutes  just  quoted,  l^e  first 
Potomac  bridge  was  built  in  1809  by  a  company  on  the  site  of  the  pres- 
ent one,  and  remained  in  uninterrupted  use  until  1831,  when  a  large  part 
was  carried  away  by  a  very  great  freshet,  and  masses  of  floating  ice. 
An  act  of  1830  makes  the  first  appropriation  and  directs  certain  idtera- 
tions  to  be  made,  consisting  in  lengthening  the  draws,  planking  the 
sides  of  the  spaces  covered  by  them,  and  that  the  opposite  sides  of  the 
wharves  above  and  below  the  bridge  should  be  curved  off  in  a  circular 
form.  By  an  act  approved  in  1832,  and  subsequently  amended  in  1834 
and  1835,  the  bridge  was  purchased  by  the  government  of  the  United 
States,  and  the  report  of  the  engineer,  dated  December  30, 1835,  states 
that  it  ^^  has  been  completely  finished,  according  to  the  terms  of  the  con- 
tract, in  all  its  points;  and  since  the  28th  of  October  last,  has  been 
thrown  open  to  tiie  general  travel."  The  bridge  was  first  rendered  pass- 
able on  the  1st  of  October,  on  which  da^  ^Hhe  President  and  cabinet 
crossed  it  on  foot  and  returned  in  carnages.  The  bridge  tiien  con- 
structed was  substantially  the  same  as  that  which  now  exists ;  that  is, 
the  part  crossing  the  shoal  was  made  a  causeway  and  connected  with  the 
shores  by  wooden  bridges  resting  on  piers.  For  a  few  years  tibe  bridge 
escaped  without  damage,  when,  in  1840,  a  portion  was  again  destroyed 
by  ice.  Without  exact  data  it  is  impossible  to  enumerate  all  of  the  dif- 
ferent occasions  upon  which  it  waa  injured;  but  it  is  known  that  such 
woH  the  case,  and  very  severely  so,  in  1856, 1860, 1863, 1866,  and  1867.  In 
several  instances  many  spans  were  carried  away  and  travel  suspended 
for  many  months  at  a  time.  It  is  also  ascertained  with  great  certainty 
that,  in  a  majority  of  the  cases,  the  accidents  occurred  to  those  portions 
built  on  piles  where  the  spans  are  short  and  low.  Toward  the  Virginia 
shore,  where  the  bridge  rests  on  piers  with  a  clear  water-way  of  over  one 
hundred  feet  between  them^  through  which  the  floating  matter,  drift, 
and  ice  may  freely  pass,  no  iiyuries  of  a  serious  nature  have  been  sus- 
tained, at  least  not  from  that  particular  cause.  The  railroad  bridge, 
which  is  owned  by  the  Washington,  Alexandria  and  (Georgetown  Bail* 
road  Company,  was  built  in  1863  and  1864,  and  is  about  seventy-five 
feet  below  and  parallel  to  the  Long  bridge.  The  repairs  being  made  to 
strengthen  the  southern  section  of  the  former,  that  portion  between  the 
span  over  the  main  channel  and  the  Virginia  i^ore,  and  against  the 
plan  of  which  the  remonstrances  were  ma^e  and  the  attention  of  the 
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receiver  of  the  road  called  by  letter  previously  mentioned,  are  immedi- 
ately below  the  spans  of  the  Long  Bridge,  which  are  referred  to  above. 
The  repairs  consisting  in  driving  intermediate  piles  between  the  old 
piers,  and  thus  subdividing  the  spans  into  sections  of  from  eleven  to 
eighteen  feet,  will  most  certainly,  in  the  opinion  of  any  disinterested 
person,  cause  a  formidable  obstruction,  and  be  the  means  of  greatiy  im- 
peding the  flow  of  the  drift  and  ice,  which,  owing  to  the  greater  width  of 
the  spans,  can  safely  pass  the  upper  bridge.   The  materi^  brought  down 
will  become  packed  against  these  piles,  partially  if  not  completely  fonn- 
ing  a  dam,  and  thereby  closing  up  the  space  between  the  two  bridges; 
the  only  outlet  would  then  be  by  the  channel  way  through  the  draws. 
Shduld  the  coming  winter  be  even  moderately  severe,  judging  firom  pasi 
experience  and  natural  cause  and  efifect,  the  destruction  of  those  portions 
of  the  two  bridges  will  prove  inevitable.    The  railroad  authorities  still 
continue  the  strengthening  of  their  bridge  by  driving  piles,  when  other 
plans  might  be  easily  substituted ;  previous  to  the  commencement  of  the 
work  the  six  spaces  between  the  Virginia  shore  and  the  Georgetown 
channel  were  from  one  hundred  to  one  hundred  and  twenty-five  feet  in 
length,  resting  on  wooden  piers  or  cribs,  and  were  amply  efficient  for  all 
purposift.    The  original  design  of  the  bridge  is  being  very  considerably 
altered,  transforming  the  truss  bridge  into  one  on  piles.    The  current  of 
the  river  at  this  point  becomes  very  rapid,  and  at  tiie  breaking  up  of  the 
winter  large  bodies  of  ice  come  down  with  great  force,  while  in  the 
spring  the  larger  portion  of  the  drift  from  the  upper  Potomac  is  carried 
with  increased  velocity  through  the  Virginia  or  Georgetown  channel. 
<^  The  great  depth  of  this  channel  and  the  velocities  of  tiie  current  there 
during  floods  are  sufi&cient  causes  against  the  erection  of  many  piers.^ 
In  some  portions  of  the  Long  bridge,  where  piles  have  been  driven  at 
from  twenty-two  to  thirty  feet  apart,  the  ice  and  drift  accumulate  above 
it  for  upward  of  forty  and  fifty  feet,  and  so  close  to  the  stmctore  ae  to 
bear  the  weight  of  several  men.    These  facts  alone  should  prove  a  satis- 
factory reason  why  no  additional  obstructions,  especially  when  so  nn- 
necessary,  and  while  other  plans  could  be  successfully  adopted,  be 
allowed  to  be  placed  in  the  bed  of  the  river,  and  competent  aathoritj 
should  compel  the  company  to  desist  from  farther  encroachments  apon 
the  channel  way. 

The  committee  on  the  part  of  the  corporate  authorities  of  the  city  of 
Georgetown  have  been  advised  that  certain  repairs,  those  pre\ioafily 
referred  to,  were  being  made  to  the  railroad  bridge  ovee  the  Potomac 
Biver,  which  may  have  the  efifect  to  impair  and  destroy  the  channel  of 
the  river  so  far  as  the  port  of  Georgetown  is  concerned,  and  are  deeirons 
of  ascertaining  the  probable  extent  of  such  damage  and  injury.    In  the 
act  providing  for  the  purchase  by  the  United  States  of  the  rights  of 
the  Washington  Bridge  Company,  and  for  the  erection  of  a  public  bridge 
on  the  site  thereof,  and  which  was  approved  July  14, 1832,  appears  the 
clause  '^that  in  the  selection  of  materials,  and  in  -the  constructioii  w 
said  bridge,  draws  and  arches,  all  practicable  attention  shall  be  paid  to 
the  preservation  of  the  navigation  of  the  said  ri ver.'^   The  law  applying 
to  the  construction  of  the  one'  bridge  should  certainly  be  enforced  in  the 
building  or  repairing  of  the  other  structure,  the  more  especially  as  Con- 
gress the  very  following  year  appropriated  one  hundred  and  fifty  thonsano 
dollars  ^^  to  remove  obstructions  by  enlarging  and  deex>ening  the  chaQneV 
andfor  other  purposes;  when  such  large  expenditures  are  made  toiropro^^ 
a  channel,  it  certainly  becomes  those  most  interested  that  "every  att«fr 
tion  shall  be  had  to  the  preservation  of  the  navigation."    The  care  d 
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this  preseryation  by  ^' An  act  to  alter  the  bridge  and  draw  across  the 
Potomac  from  Washington  to  Alexander's  Island,  approved  May  14, 
1850,"  is  given  to  the  conncil.  Section  third  of  the  act  reads  ^^  that  the 
council  shall  have  power  to  ♦  •  •  *  to  superintend  the  health  of 
the  city,  to  preserve  the  navigation  of  the  Potomac  and  Anacostia  Bivers 
adjoining  the  city;  to  erect,  repair,  and  regulate  wharves;  to  deepen 
the  docl^  and  basins,  ftc." 

The  law  thereby  also  appoints  the  proper  persons  to  watch  over  and 
preserve  the  navigation. 

The  question  now  arises  whether  the  certain  repairs  being  made  on 
the  railroad  bridge  will  have  the  effect  to  destroy  the  channel  of  the 
river  so  far  as  the  port  of  Georgetown  is  concerned.  After  a  careful 
study  and  consideration,  it  is  my  opinion  that  the  obstructions  formed 
by  the  piles  used  in  the  repair  will  eventually  effect,  and  it  may  be, 
ve^  seriously,  the  channel  of  the  river.  A  very  distinguished  engineer 
writes  that  ^^  every  obstruction  temporarily  placed  in  the  way  of  the 
current,  every  attempt  to  guard  one  point  by  any  artificial  means,  inev- 
itably produces  some  corresponding  change  at  another  which  can  sel- 
dom be  foreseen,  and  for  which  the  remedy  applied  may  be  but  a  new 
cause  of  harm." 

He  continues  to  say  that  ^^  no  obstruction  should  be  placed  to  the 
free  ingress  of  the  tides  through  all  the  channels."  The  many  able 
reports  written  in  years  past  generally  agree  upon  the  plan  of  removing 
all  obstructions,  even  to  the  Long  Bridge  causeway.  Colonel  Aber^ 
chief  of  the  corps  of  topographical  engineers,  reports  that  this  causeway 
has  aided,  in  all  the  difficulties  concerning  the  channels,  the  tendency  to 
shoaling  in  all  of  them.  He  also  states,  ^^  that  the  causway  of  the  Long 
bridge  is  not  the  result  of  the  plan  of  any  United  States  engineer 
officer,  but  was  adopted  against  the  advice  of  all  who  were  consulted 
upon  that  occasion;  but  the  plan  being  made  a  positive  direction  of 
law,  it  had  to  be  pursued  in  the  construction  of  the  bridge." 

The  causeway  has  proven  a  very  great  evil,  but  the  injury  done  should 
not  be  accelerated  by  further  obstructing  the  channel  way. 

Lieutenant  Colonel  Kearney,  of  the  same  corps,  in  his  report  on  the 
Potomac  bridge,  writes  as  follows:  ^^From  the  natural  bed  of  the 
river,  yielding  as  it  does  under  the  action  of  a.  very  slight  force,  it  must 
be  apparent  that  the  depth  and  course  of  the  channels  are  not  very 
constant,  and  accordingly  our  own  observation  made  upon  it  united  with 
tradition  to  confirm  the  opinion  of  extreme  variableness.  It  is  near  the 
middle  channel  that,  in  former  days,  the  river  had  worn  for  itself  the 
deepest  passage*  We  have  penetrated  the  alluvial  deposit  to  a  depth 
of  forty  feet  at  that  plac^  The  action  of  a  more  rapid  current  than 
that  which  usually  flows  near  the  city  shore,  and  one  also  which 
struck  it  very  obliquely,  is  evinced  by  the  bluff  shores  south  of  the 
Tiber.  These  observations  are  necessary  to  demonstrate  the  ex- 
treme care  that  should  be  observed  in  securing  the  foundations 
of  the  bridge,  the  requisite  stability,  and  the  caution  with  which 
we  should  avoid  every  unnecessary  interruption  of  the  current." 
From  the  several  reports  made  by  others  who  have  examined,  the 
general  opinion  is  that  all  obstructions,  whether  they  be  of  cause- 
ways, piles,  or  any  other  kind,  excepting  only  those  that  are  absolutely 
necessary  for  the  support  of  the  bridges,  should  be  removed,  so  as  not 
to  interfere  with  the  current  of  the  river.  The  Potomac  being  a  tidal 
river,  the  reason  for  doing  so  becomes  still  greater;  for  the  same  cause, 
as  well  as  those  above  stated,  all  shoals  should  be  deepened,  and  such 
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parts  of  the  different  channels,  both  above  and  below  tiie  bridges,  as 
now  tend  to  arrest  the  ascent  and  descent  of  the  tidal  wave,  shcrald  be 
widened.  So  important  has  the  improvement  of  tidal  rivers  become  in 
Great  Britain,  that  commissioners  have  been  appointed  to  investigate 
the  whole  subject,  and  to  inquire  what  measures  it  may  be  oonvenient 
to  adopt  for  the  general  improvement  of  the  harbors  and  rivers  of  the 
United  Kingdom.  The  most  stringent  legislative  measures  were  reoom* 
mended  by  the  tidal  harbor's  commission  for  the  conservancy  of  t^e  har- 
bors and  rivers. 

I  had  the  honor,  general,  on  the  30th  of  April,  18^,  to  submit  yon  a 
report  on  the  examination  or  survey  of  the  Potomac  H^ver,  a  copy  of 
which  is  contained  in  the  pamphlet  marked  O,  pages  28  to  39,  accompa> 
nying  this  paper.    In  that  report  the  whole  matter  of  the  improvemeot 
of  the  channel  is  discussed.    The  following  are  some  extracts  from  the 
same:    ^^In  anticipation  of  such  improvements  legal  measures  should 
be  taken  for  remedying  all  existing  injuries  to  the  channels,  for  the  con- 
servation of  the  shores  and  harbors,  for  preventing  further  encrtweh- 
ments  in  the  construction  of  such  wharves  a«  may  produce  any  dam' 
aging  effects.   Every  encroachment  should  be  received  with  the  greatest 
jealousy."    In  speaking  of  the  removal  of  the  causeway,  the  same  report 
says  that,  '^  whatever  opinion  maybe  held  or  expressed  by  others  in  regard 
to  the  obstruction  or  encroachment  in  the  river,  in  consequence  of  the 
building  of  the  causeway  of  the  Long  bridge,  it  has  been  clearly  denum- 
strated  to  me  that  there  is  no  doubt  that  the  structure  is  very  injurioos 
to  the  Washington  channel,  and  that  the  section  referred  to  should, 
therefore,  be  removed,  and  replaced  by  either  an  arched  bridge  or 
one  of  iron  or  wood.     Those  acquainted  with  the  river  have  pointed 
out  a  marked  increase,  daring  the  last  ten  years,  in  the  dimensions  of  the 
flats,  and  consequent  diminution  in  the  depth  and  width  of  the  channel. 
While  the  causeway  obstructs  to  a  considerable  degree  tiie  water 
coming  down  from  the  interior  of  the  country,  it  also  partially  prevents 
the  tide  water  from  coming  up ;  it  therefore  interrupts  that  continnal 
scour  which  should  result  from  the  force  of  the  one  and  the  flowing  and 
ebbing  of  the  other ;  the  tides  should  have  a  perpetual  and  unrestricted 
currenf^    The  great  object  to  be  kept  in  view,  in  carrying  into  effect  the 
iAiprovement  of  the  navigation  of  a  tidal  river,  is  the  free  admission  of 
the  greatest  possible  quantity  of  water  from  the  sea,  as  reliance  most 
be  chiefly  placed  on  the  scour  produced  by  the  tide,  and  not  on  the  cur- 
rent of  the  fresh  water,  as  the  chief  agent  in  keeping  open  the  naviga* 
ble  channel  of  the  river. 

Many  celebrated  engineers  have  concurred  in  the  above  opinion;  and 
tjiis  being  admitted,  ^4t  is  manifest  that  all  obstructions  to  the  tidal 
flow  upward  should  be  removed;"  such  as  shoals  and  bars,  <^  dans 
and  dikes,  or  any  other  cause  of  obstruction. 

The  same  reason  that  applies  to  a  greater  evil  will  apply  to  a  lesBff 
one.  It  would  be  impossible  to  ascertain  the  exact  time  or  estimate  the 
extent  of  such  damage  or  injury,  as  so  many  unforeseen  natural  as  weD 
as  artiflcial  causes  enter  into  the  calculation.  The  only  remedy  is  to 
remove  as  soon  as  possible  the  cause,  if  well  established,  of  the  evil 
now  complained  of,  and  in  future  to  prevent  its  recurrence.  The  navi- 
gation of  the  Potomac  is  not  a  thing  of  to^lay,  but  must  live  in  the 
future,  to  aid  in  the  promotion  of  the  enterprise  and  enlightenment  of  a 
more  advanced  civilization  and  culture ;  its  channels  should  be  pre- 
served and  guarded  with  the  utmost  care  against  all  enoreadun^ta 
ThjB  problem  has  always  been  considered  a  most  uncertain  one,  bat  ioi* 
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mtdy  more  important  and  difficult  than  the  spanning  of  a  stream  by  a 
bridge.  The  latter  should  and  can  always  be  built  to  accomplish  its 
kuidable  purpose  without  interfering  with  the  navigation  of  the  river  it 
crosses. 

I  am,  general,  v^y  respectfully,  your  obedient  servant, 

N.  MIOHLEB, 
Major  of  JEngineers^  Brevet  Brigadier  General  U.  8,  A. 

Brevet  M^for  General  A.  A.  Humphbbys, 

Chief  of  Engineers  J  WasMngkm^  D.  0. 


W  3. 

In  compliance  with  Engineer  Order  ^o.  10^  dated  Washington,  Febru- 
ary 21, 1867.  the  following  officers  of  the  Corps  of  Engineers,  viz:  Miyor 
IS.  Michler,  orevet  brigadier  general  United  States  Army :  Mf^or  W.  P. 
Craighill,  brevet  lieutenant  colonel  United  States  Army;  Captain  W.  B. 
Elng,  brevet  miyor  United  States  Army,  comprising  a  boacd  of  engine^ns 
dettoled  ^^  to  examine  the  model  of  an  improved  canal  and  ship  lock 
constructed  by  Mr.  Martin  Bishop^  of  Ohio,"  beg  leave  to  submit  the 
following  report 

In  addition,  the  board  is  instructed  to  consider  the  ^<  value  of  the 
invention  in  facilitating  commercial  affairs  of  the  country,  and  more 
especially  its  adaptation  to  aiding  in  the  construction  of  a  ship  canal 
through  the  city  of  Washington." 

In  pursuance  of  the  order  the  board  met,  all  the  members  being  pres- 
ent, and  an  invitation  was  extended  to  Mr.  Bishop  to  meet  and  confer 
witn  them.  After  an  examination  of  the  model,  and  a  detailed  explana- 
tion by  the  inventor,  the  board  acyoiimidd  in  order  to  afford  the  latter 
an  opportunity  to  procure  drawings  of  the  p^/tent,  and  prepay  estimates 
of  the  probable  cost  of  the  construction  of  a  lock  of  the  proposed  kind 
and  of  suitable  dimensions  for  s^me  of  the  canals  now  in  general  use. 
Owing  to  the  subsequent  and  long-pixKtracted  illness  of  Mr.  Bishop  he 
was  unable  to  furnish  these  papers  for  several  months;  this  detention, 
in  connection  with  pressure  of  other  duties  ui)on  the  time  of  the  different 
members  of  the  boaxd,  caused  delagf  in  preparing  this  report. 

The  following  description  of  the  invention,  w)|;h  the  accompanying 
isometrical  drawings  of  the  plan,  sections,  and  moving  apparatus,  pre- 
pared by  Mr.  John  de  la  Camp,  is  submitted  for  consideration. 

Its  leading  feature  depends  on  theconstimction  and  mode  of  operating 
the  lock-gates.  The  novel  arrangement  of  the  gates  A,  instead  of  turning 
on  vertical  axes,  as  in  the  old  system,  consists  in  moving  them  up  and 
down  on  horizontal  axes  B;  for  that  purpose,  each  one  is  composed  of  a 
series  of  radiating  arms  C,  of  the  shape  of  a  sextant,  which  may  be  of  cast- 
iron  sheathed  with  copper,  or  galvanized;  these  move  up  and  down  on 
a  horizontal  axis,  and  when  the  gate  is  open  they  rest  in  grooves  D,  formed 
in  the  bottom  of  the  chamber,  or  tail  bay,  by  partitions  E,  of  masonry,  iron, 
or  timber,  whatever  the  material  used  may  be.  A  strong  planking, 
forming  the  face  of  the  gate,  is  fastened  to  the  inner  periphery  of  the 
arms ;  the  shape  of  the  gate  is  that  of  a  part  of  a  cylinder,  the  bases  of 
the  latter  fitting  into  recesses  G  in  the  chamber,  or  tail  walls,  and  are 
made  to  fit  ti^htiy.  The  levers  H,  when  turned,  raise  and  close  the  gate 
to,  the  water  m  the  lock  pressing  the  latter  against  the  wall,  and  thereby 
closing  the  joints.  The  hoisting  apparatus  is  placed  in  recesses  in  the 
walls  on  each  side  of  the  gate,  ad^d  consists  of  vertical  screws  I,  along 
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which  the  trftTeling  ham  K  are  made  to  move  up  and  down  betwem 
guides  L;  the  sorews  are  worked  by  means  of  windlasses  M^  on  top  df  the 
chamW  walls.    To  these  trardhig  bom  are  attached  tlie  upper  ends 
of  two  pitmans  I^;  the  lower  ends  of  these  are  connected  with  a  beam  0 
rtmning  across  and  nndemeath  the  peripherical  patt  of  the  gate  from 
one  wmI  to  the  other.    By  this  arrangement  the  weight  of  the  gate  is 
transferred  to  the  trayeUng  bnir,  which,  by  moving  np  and  down,  lifts 
the  gate  up  or  lowers  it  on  its  hori»mtal  axis.    The  weight  of  the  gate 
is  partly  overcome  by  a  counterpoise  weight  P  which  is  attached  to  tiie 
beam  O  under  the  gate  by  means  of  a  chain  or  rope  carried  over  a  roller  Q, 
and  thereby  acts  upwara.    The  fflliug  and  emptying  of  the  chamber  are 
accomplished  by  two  rows  of  wicket  B  which  run  across  the  chamber 
directly  in  front  of  the  face  of  the  gate;  each  of  them  moves  on  a  hori- 
zontal axis  S  extending  across  the  chamber.    When  turned,  so  as  to 
•assume  a  vertical  x>ositlon,  four  rows  of  chutes  ^slots)  are  formed  or 
opened  by  which  the  water  can  escape  into  channels  U  made  in  the  par- 
titions between  the  arms  of  the  gate,  and  throngh  them  carried  off  into 
the  lower  chamber  or  into  the  basin  below  the  lock.    When  revolved 
on  the  axis  so  that  they  attain  nearly  a  horizontal  position,  tiie  wiokete 
again  close  the  chntes  by  the  pressing  or  fitting  together  of  correspond- 
ing smooth  surfaces.    The  movement  of  the  wickets  is  effected  by  a 
screw  arrangement  similar  to  that  used  for  hoisting  the  gates,  the  diner* 
ence  consisting  in  the  pitman  Y  being  attached  at  their  lower  ends  to  two 
cranks  W,  one  at  the  axis  of  each  of  the  two  rows ;  when  closed  Ae  cranks 
will  be  in  a  horizontal,  and  when  open  in  a  vertical  position.    As  the 
gate,  when  open,  is  entirely  below  the  bottom  of  the  canal,  a  recess  is 
made  to  receive  it.    The  object  which  the  inventor  claims  to  have 
attained  by  his  proposed  plcm  of  improvement  is,  to  have  a  perfect  lock 
when  the  gate  is  up;  and  when  down,  an  open  channel  for  the  water,  it 
]mng  then  entirely  submerged.    The  principal  advantage  to  be  gained 
by  this  plan  will  be  found  in  its  application  to  very  large  locks,  whiclu 
under  the  present  system  of  constructing  the  gates,  labor  under  the  dif- 
ficulty caused  by  the  enormous  weight  of  the  latter;  a  great  amount  ot 
either  physical  or  mechanical  force  is  exerted  to  operate  them  success- 
frilly,  either  of  which  has  a  tendency  to  cause  very  considerable  and 
constant  wear  and  tear  of  the  gates  themselves,  as  well  as  of  the  side 
walls  and  bottom  of  the  chamb^.    By  the  new  plan  under  examination 
the  power  to  be  employed  in  raising  and  lowering  the  gate  of  a  lock  of 
any  capacity  will  be  exactly  in  proportion  to  its  (Smensions;  whereas  in 
the  old  one,  as  the  gates  will  have  to  be  built  more  substantially  and  con- 
sequently  heavier  as  a  lock  becomes  enlarged,  and  thereby  creating  a 
constantly  increasing  ratio  of  weight  to  be  acted  upon,  tiie  force  to  be 
applied  in  opening  and  shutting  them  will  be  much  greater  than  in  pro- 
portion to  tiie  size  of  the  lock;  this  will  cause,  in  consequence  of  the 
necessarily  disproportionate  increase  of  friction,  a  much  more  than  pro- 
portionately increased  expenditure  of  labor.    Every  new  invention  in 
its  incipient  state  may  be  susceptible  of  many  improvements,  and,  while 
enumerating  the  advantages  of  the  one  being  examined,  it  may  not  be 
amiss  to  point  out  its  defects,  and  submit  some  suggestions  in  reference 
to  their  avoidance. 

In  the  first  place,  the  screw  arrangement,  forming  part  of  the  hoistrng 
apparatus,  and  used  in  the  machinery  for  turning  mie  wicket4»,  will  be 
found  to  labor  under  a  great  many  peculiar  disadvantages,  of  which  the 
following  may  be  mentioned:  The  screws,  which  may  be  of  iron  with 
the  spiral-shaped  worm  of  steel,  will,  together  with  t^e  machineiy 
attached  to  it^  be  for  the  greater  i>art  of  tbe  time  under  water,  and  con- 
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sequently  liable  to  corrode  very  rapidly;  the  traveling  barr  K  shown  on 
the  drawing  being  of  a  somewhat  complicated  stmotnre,  and  intended 
to  move  qnite  smoothly  between  the  guides  by  means  of  fHction  rollers  X, 
will  soon  be  prevented  fh>m  doing  so  by  mst.  Another  cause  of  con- 
stant wear  on  the  screw  will  be  the  heavy  pressure  nx>^n  it  with  which 
the  burr,  supporting  the  weight  of  the  gate,  acts  as  it  moves  up  and 
down  along  it,  notwithstanding  the  operation  of  the  counterpoise.  Any 
necessary  repair  of  the  machinery  in  consequence  of  the  grcMiter  portioii 
of  the  mechanism  being  inclosed  in  the  walls  of  the  chamber  and  partly 
under  water,  will  be  the  cause  of  very  great  delay  to  navigation :  the 
water  will  then  have  to  be  pumped  out  of  the  lock  in  order  to  reacn  the 
works.  Journals,  couplings,  friction  rollers,  and  other  details,  would 
apparently  render  the  cost  of  the  material  very  expensive.  Another 
disadvantage  in  respect  to  the  screw  will  be  the  difficulty  in  obtaining 
room  on  the  top  of  the  walls,  for  revolving  it  by  means  of  walking  the 
lever  around  its  axis.  The  application  of  a  rack  and  pinion,  proiK>sed 
by  the  inventor,  to  replace  the  screw  for  hoisting  the  gate,  exhibited  on 
the  drawing,  will  also  possess  the  same  objection,  in  common  with  the 
screw^  of  l^ing  under  water;  it  could  only  be  moved  by  a  derrick  on 
top  of  the  wall  in  connection  with  the  rack  and  pinion,  and  even  then 
would  be  somewhat  complicated.  In  place  of  either  screw  or  rack  and 
ftiction  movement  a  wire  rope  or  chain  might  be  attached  to  the  beam 
underneath  the  gate,  and  wound  up,  or  the  reverse,  for  the  purpose  of 
raising  or  lowering  tiie  gate  by  means  of  capstans  located  on  the  walls; 
this  arrangement  would  dispense  with  all  the  machinery  under  water.. 
Another  objection  to  the  present  plan  is  the  mechanical  arrangement 
by  screws  to  open  and  close  the  wickets,  besides  the  difficulty,  next  to 
an  impossibility,  of  keeping  the  joints  at  the  journals  sufficiently  tight. 
Another  contrivance  might  be  adopted  for  effecting  this  object.  Two 
continuous  valves  stretching  from  one  wall  across  to  the  other,  might 
answer  the  purpose. 

Each  is  hoisted  and  lowered  by  a  lever,  one  similar  to  those  used  in 
the  moving  apparatus  of  railroad  switches,  which  acts  uxK>n  one  end  of 
a  quadrant,  the  other  end  of  the  latter  being  attached  to  the  valves  by 
a  connecting  rod.  This  arrangement  would  allow  of  a  larger  space  for 
the  water  to  flow  through  than  that  of  the  wickets.  It  is  due  the  in- 
ventor, and  the  statement  may  properly  appear  at  this  stage  of  the  report,, 
to  mention  that  the  time  which  he  claims  for  filling  and  emptying  the 
lock,  as  given  in  his  circular  submitted  to  the  board,  is  not  in  conform- 
ity with  the  space  allotted  for  the  water  to  flow  through,  as  shown  in  the 
drawing  and  exhibited  in  the  modd.  The  openings  and  the  wickets^, 
he  alleges,  must  be  made  so  as  to  give  eighteen  inches  clear  opening  on 
each  of  the  wickets,  which  is  the  size  of  similar  arrangements  at  existing 
locks.  Let  his  example  be  taken,  a  lock  two  hundred  feet  in  length  by 
thirty-four  feet  in  width  with  ten  feet  lift,  which  would  contain  sixly- 
eight  thousand  cubic  feet  of  water.  The  velocity  of  the  water  flowing 
out  under  the  head  of  ten  feet,  is  twenty-flve  feet  per  seconcT,  and  the 
mean  velocity,  during  the  time  of  escape,  would  be  eighteien  feet  yet 
second.  With  eighteen  inches  clear  opening  on  each  side  of  each  wicket,, 
the  entire  space  through  which  the  water  flows  is  one  hundred  and 
eighty  square  feet ;  by  reason  of  the  contraction  of  water  through  aper- 
tures, six-tenths  only  of  this  area  can  be  taken  into  consideration.  The 
necessary  calculations  show  that  the  whole  amount  of  water,  sixty-eight 
thousand  cubic  feet,  would  have  to  pass  through  one  hundred  and  eight 
square  feet,  and,  at  a  mean  rate  of  eighteen  feet  per  second,  some  thirty* 
Ave  seconds  would  be  consumed  in  its  passage.    This  space  of  time  may 
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seem  to  the  caiitioiis  engineer  so  yery  brief  as  to  endanger  the  safety  of 
the  boats  in  the  chamber;  the  regularity  of  the  escape  throughout  the 
entire  width  of  the  chamber,  and  the  fact  that  its  rapidity  can  be  i«ga- 
li^^  by  a  proper  manipulation  <rf  the  wickets,  will  oTercome  any  objectioii 
of  the  kind.    The  esci^>e  through  the  chutes,  reaching  from  one  wall  to 
the  other,  wiU  certainly  be  much  more  regular  than  that  through  the 
apertures  or  valves  in  the  gates  or  chambers  of  existing  locks.    The 
greater  capacity  of  the  wickets  on  the  new  plan  will  become  particularly 
useful,  when,  ae  the  inventor  suggests  in  his  circular,  instead  of  a  lock- 
chamber  capable  of  ccmtaining  only  one  or  two  boats,  a  large  pool  with 
water-tight  paved  slopes  is  established  for  harboring  a  larger  number  of 
boats ;  all  of  them  can  then  be  brought  to  the  next  levd  at  tbe  same 
time^  and  no  longer  period  will  be  required  than  is  now  consumed  in 
passing  one  boat  through  a  lock  constructed  on  the  old  plan.  The  neces- 
sity for  any  alteration  in  the  construction  of  the  radiating  arms  would 
exhibit  itself  in  practice ;  the  ceutral  braces  should  reach  all  thioagh 
from  the  periphery  to  the  center,  in  order  to  transfer  the  whole  pressoie 
to  the  strongest  point.    The  flange  on  the  upper  side,  which  is  intended 
to  close  off  the  water,  might  be  omitted,  as  it  is  not  possible  or  necessai^ 
to  keep  the  water  from  flowing  through  between  the  partitions ;  in  addi- 
tion, its  greater  width,  on  account  of  the  greater  quantity  of  jeater  to  be 
displaced,  will  increase  the  effort  required  to  hoist  the  gate.    A  few  of 
Ihe  practical  difficulties  which  may  arise  in  the  use  of  Mr.  Bishop's  in- 
vention may  be  here  mentioned :  There  is  a  liability  to  ^^  jam,"  either  by 
boats  attempting  to  pass  over  the  gate  before  it  is  fully  op^ed,  or  by 
drift-wood,  gravel,  or  other  bodies  being  forced  by  tiie  water  into  tb^ 
joints  between  the  gates  and  walls  or  floor  of  the  lock.  Again,  a  deposit 
may  form  in  the  recess  made  for  the  receptacle  of  the  gate  when  op^ed, 
which  would  prevent  the  gate  irom  being  lowered  sufficientiy  to  allow 
tbe  boats  to  pass.    It  is  proposed  to  clear  tius  space  by  oi)eDing  the 
wicket  and  allowing  a  stream  of  water  to  pass  down  tide  chute  and  out 
towards  the  horizontal  axis  of  the  gate,  but  this  stream  will  be  deflected 
toward  the  line  of  least  resistance  or  the  suriace  of  the  water,  and  will 
•consequently  come  up  in  a  curved  line  at  some  intermediate  point  between 
4he  axis  and  tbe  face  of  the  gate,  leavinc^  a  considerable  portion  ondis- 
jburbed.    Again,  since  the  space  occupied  by  the  axis,  arms,  and  face  of 
the  gate  is  not  availi^le  for  boats,  the  length  of  the  lock  must  be  in- 
creased by  at  least  the  length  of  one  of  the  arms,  or  about  twice  the  lift 
jof  the  lock.    This  will  add  to  the  expense  of  construction  as  well  as  to 
the  volume  of  water  which  must  be  let  in  or  out  at  each  passage  of  a 
boat  through  it.   The  precise  magnitude  of  these  objections,  as  compared 
with  the  advantages  to  be  gained,  can  only  be  determined  by  actual  ex- 
periments.   Since  the  pressure  of  a  fluid  always  acts  in  a  direction  nor- 
mal to  the  surface  pressed,  it  is  evident  from  the  properties  of  the  cylin- 
der that  the  resultant  pressure  in  this  case  must  pass  through  the  axis 
of  the  gate,  and,  the  weight  of  the  latter  being  counterpoised,  as  already 
stated,  there  can  be  no  force  tending  to  open  or  close  it,  and  consequently 
the  power  applied  to  raise  or  lower  the  gate  will  (theoretically)  meet 
with  no  resistance  but  from  the  friction  of  tiie  axis  and  the  screw  or 
other  machinery,  by  means  of  which  the  power  is  transmitted.    This 
may  be  regarded  as  a  beautiful  application  of  the  principle  of  hydio- 
statics,  and  the  inventor  of  the  new  lock,  Mr.  Bishop,  deserves  great 
<$redit  for  the  zeal  and  perseverance  with  which  he  has  advocated  its 
adoption  for  more  than  twenty  years.    The  difference  between  his  ar- 
rang^nent  and  that  of  the  ordinary  lock  will  be  readily  understood  from 
an  examination  of,  and  comparison  between|  the  two  drawings  which  ac- 
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company  this  report.  A  description  of  the  one  has  already  been  minntely 
given,  and  one  or  two  points  in  reference  to  the  other  will  be  but  briefly 
referred  to  in  this  report ;  an  elaborate  description  is  nnnecessary,  as  the 
plan  is  already  well  known  to  alL  On  the  sketch,  A  B  reinresents  a  hori- 
zontal section  of  one  leaf  of  the  gate  swinging  about  a  vertical  axis  at 
A,  as  represented  by  the  dotted  cnrve  B  G,  and  meeting  a  similar 
leaf  at  B.  The  line  of  the  resultant  pressnre  of  the  water  is  represented 
by  an  anow ;  it  evidently  acts  as  a  dead  weight  to  keep  the  gates  closed 
until  the  water  is  brought  to  the  same  level  on  both  sides  of  them,  and 
this  latter  is  accomplished  by  opening  small  valve  gatea,  which  are 
placed  for  the  purpose  either  in  the  walls  of  the  chaml^r  of  the  lock,  or 
in  the  leaves  of  the  large  gates.  The  time  of  passing  a  given  lock,  there- 
fore, depends  chiefly  npon  the  size,  number,  and  focilities  for  opening 
the  valve  gates  or  wickets ;  thelie  conditions  have  been,  or  at  least  may 
be,  so  regulated  that  any  lock  chamber  may  be  filled  or  emptied  as  rap- 
idly as  is  consistent  with  the  safety  of  the  boats  and  lock,  in  consequence 
of  the  plunging  and  boiling  motion  of  the  water.  Since  these  latter  effects 
would  be  very  nearly  the  same  in  Mr.  Bishop's  lock,  the  only  advantage  in 
point  of  celenty,  which  is  the  first  and  most  important  condition  claimed 
for  this  invention,  is  that  the  gate  in  this  case  begins  to  move  as  soon 
as  the  filling  or  emptying  of  the  lock  is  commenced,  while  the  ordinary 
gate  can  only  be  moved  after  the  filling  or  emptying  is  completed.  The 
gain  in  time  is,  therefore,  principally  that  required  to  move  one  of  the 
ordinary  gates  through  an  arc  of  about  sixty  degrees.  Another  advan- 
tage claimed  is,  that  by  dispensing  with  miter  sills  an  additional  foot  of 
water  is  gained.  Whether  or  not  the  top  of  the  miter  sUls  in  the  ordi- 
nary locks  may  not  be  placed  on  a  level  with  the  bottom  of  the  canal,  is 
a  question  which  will  decide  if  a  greater  depth  of  water  cannot  be  made 
available  by  dispensing  with  them. 

The  proposition  to  submerge  locks  in  the  channels  of  rivers  during 
floods  is,  at  least,  of  questionable  feasibility.  Although  the  gates  are 
below  the  level  of  the  bottom  of  the  lock,  and  the  walls  only  remidn 
above  that  level,  it  is  more  than  probable  that  the  torrent  of  water,  ice, 
drift- wood,  sand,  and  other  moving  bodies  would  render  the  lock  unser- 
viceable for  some  time  after  the  subsidence  of  the  flood,  even  should  the 
walls  themselves  be  not  undermined  and  destroyed  cdtogether  by  the 
force  of  the  same  destructive  agents.  The  velocity  of  such  a  torrent, 
which  would  be  that  due  tg  a  fiill  of  t^i  feet  in  three  hundred,  supposing 
these  numbers  to  represent  the  ^^lift  and  length  "of  the  lock  respectively, 
would  be  immense;  let  to  this  be  added  the  weight  of  water  pouring 
over  :the  side  walls  of  *the  chamber  and  bays,  (which  must  take  place ; 
otherwise,  why  open  the  gates  at  allf )  thereby  causing  great  damage 
to  the  masonry  and  madiinery,  and  the  combination  will  be  found  to  be 
one  of  the  most  powerful  agencies  with  which  the  engineer  is  called  to 
contend.  It  is  also  claimed  tiiat  another  advantage  is  gained  in  this 
improvement  by  being  able  to  construct  these  locks  in  the  most  durable 
manner,  such  as  the  use  of  cast-iron  gates,  but  it  will  be  found  that  in 
the  ordinary  canal  lock,  as  at  present  constructed,  the  best  available 
material  is  employed,  the  gates  in  some  cases  being  of  cast  iron,  or,  still 
better,  of  corrugated  iron.  Another  advan  tage  that  might  be  claimed  is, 
since  there  is  no  pressure  upon  the  walls  of  the  lock  due  to  the  side 
thrust  of  the  gate  as  in  the  case  of  tiie  ordinary  lock-gate,  that  the  thick- 
ness, and  consequently  the  cost  of  the  walls,  may  be  very  much  reduced. 
It  is  evident  from  the  construction  of  the  one,  that  the  thrust  is  quite 
considerable,  since  the  pressure  of  the  water  is  resisted  by  the  truss 
ABA,  composed  of  the  gates  themselves }  tiiis,  however,  may  be  easily 
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overcome  by  placing  small  buttresses  opposite  the  points  pressed  upon, 
as  represented  by  the  dotted  lines  in  the  drawing;  when  thus  counter- 
acted, which  would  but  slightly  increase  the  expense  of  construction,  the 
thrust  would  be  of  considerable  advantage  in  keeping  the  joints  between 
the  gates  and  those  between  the  gates  and  walls  of  tibe  lock  water-tight. 
The  remaining  portions  of  the  waUs  would  have  the  same  pressure  to  sua- 
tain  in  the  case  of  either  kind  of  lock,  and  therefore  no  reduction  in 
their  dimensions  could  be  made  in  £»vorof  either  of  the  plans.  £sti* 
mates  ABC  are  herewith  appended  of  the  probable  cost  of  locks  of  equal 
size,  the  one  built  on  the  old  plan,  and  the  others  upon  the  one  suboiit- 
ted  by  Mr.  Bishop.  A  is  the  copy  of  an  estimate  contained  in  the 
annual  report  tor  the  year  1864,  of  the  State  engineer  and  surveyor  on 
the  canals  of  New  York;  B  is  an  estimate  of  a  lock  of  the  same  siiie 
constructed  with  the  proposed  new  improvements  j  and  C  is  an  estimate 
of  a  lock  containing  water-tight  paved  slopes  in  the  main  chamber 
instead  of  vertical  walls.  The  two  last  have  been  prepared  by  Mr. 
Bishop.  Upon  a  careM  examination,  neither  of  them  exhibits  any 
Bftarked  errors,  and  a  ^Domparison  of  the  costs  of  the  two  plans  is  very 
decidedly  in  favor  of  the  invention  submitted  to  the  board  for  its  inves* 
tigation.  The  nature  of  the  contrivance  and  the  advantages  claimed, 
many  of  which  have  been  referred  to  and  discossed  in  tl^  preceding 
part  of  this  report,  are  chiefly  set  forth  in  a  circular,  of  which  the  follow- 
ing is  a  copy,  issued  by  Mr.  Bishop  to  different  boards  of  commerce 
aiid  trade: 

AnMme  the  vanoas  oeonneiioeB  of  the  pireient  period  of  time  there  n  about  to  he 
offered  &t  use  to  the  oommercial  world  an  improyement  to  aid  in  facilitating  and 
economizing  in  that  class  of  business  to  such  an  extent  as  to  revolutionize  nearly  nSl 
the  present  modes  of  transporting  on  riyers  and  canals.  The  present  canal  locks  may 
be  rebuilt  with  good  materials  so  as  to  farm  pools  of  three  hundred  fset  by  seyenty  feet, 
and  place  the  gates  at  that  distance  apart,  of  such  width  as  will  pass  two  boats  dfade  by 
side;  then  by  one  propeller  five  other  boats  ma^  be  towed  in  a  fleet,  knd  the  whole 
fleet  passed  througn  the  locks  in  less  time  than  single  boats  are  passea  now  by  the  did 
plan.  The  plan  to  be  adopted  will  enable  the  public  to  dispense  with  animal  power 
altogether  on  canals,  and  in  the  improyement  of  livers  will  supersede  the  neoesaity  of 
side-cnts  on  the  shore;  oonsequently  vteam-power  will  be  brought  more  into  oniyeaal 
use. 

All  of  the  above  ideas  are  based  on  an  unrivaled  improvement  in  canals  and  river 
ship  locks.  The  great  Improvement  consists  in  filling  and  discharging  the  water 
through  the  locks  in  an  extraordinary  short  time,  dispensing  with  mmr-sills,  giying 
one  foot  more  of  water  to  an  increased  siae  of  boats,  and  operating  large  gates  in  wide 
channeled  locks,  with  as  much  ease  as  in  narrow  ones,  with  very  litUe  diflerence  in 
time,  as  w.de  gates  vent  water  with  an  equal  proportion  in  quantity  to  the  variety  of 
sizes. 

In  rivers,  the  locks  may  be  completely  snbmetged  in  floods  without  the  least  risk  of 
damage  to  them ;  and  more,  the  gates  are  so  disposed  o£  in  case  of  floods,  as  to  pennit 
the  wat4>r  to  flow  freely  through  the  whole  size  of  the  lock,  thereby  keeping  a  clear 
channel  without  any  other  labor;  and  whenever  it  is  desired  to  use  the  lock  after  the 
water  recedes  to  the  top  of  the  walls,  the  gates  are  replaced  in  the  usual  position  wiHi 
aU  the  celerity  imaginable,  and  directly  stopping  the  most  rapid  omrent  raahiqs 
through  the  look  at  the  time. 

Witn  this  great  advance  in  such  improvements,  our  great  agricultural  interests  will 
receive  one  of  the  greatest  impulses  to  an  onward  increased  operation  in  every  pait  of 
the  interior  of  our  country,  and  the  govemraent  may  possess  its^f  of  means  of  trayeia- 
ing  our  country  with  any  siaed  fleets  of  shipping  they  will  use  finr  defeoae  on  the 
0oean.  In  proof  of  what  has  been  stated  we  will  give  the  results  of  the  jpassing  one 
lock  of  a  deflnite  size;  say  a  lock  two  hundred  feet  Ions;  and  thirty-four  met  wide  in 
the  chamber,  with  ten  feet  lift,  will  contain  sisty-eight  Thousand  cubic  feet  of  water, 
and  that  quantity  can  be  let  in  or  discharged  in  less  than  two  minutes  of  time,  and 
thus  any  larger  size  of  lock  will  operate  in  the  same  ratio  of  time  as  it  varies  in  atae. 
One  other  immense  advantage  is  gained  in  this  improvement  by  being  able  to  conslraci 
these  locks  of  the  most  durable  materials,  such  aa  cast-iron  gates,  Ac. 

From  the  above  circular  it  will  be  seen  that  the  invention  consists,  in 
the  first  place,  in  a  mode  or  system  of  operating,  economizingi  and  facO- 
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itati^g  the  transportotioii  of  the  oomneKce  of  the  eomairj  on  rivers  and 
canals,  thereby  revolutioniatDg  nearly  all  of  the  present  modes,  and  in 
the  second  iastanee  by  presenting  for  consideration  a  design  by  means 
(rf  whieh  the  system  ean  be  ad<^ted  in  practice.  The  device  or  plan  of 
the  invention  has  already  been  described,  and  its  several  advantages 
and  disadvantages  commented  npon  in  great  detail;  it  is  now  intended 
to  examine  the  proposed  system  of  navigating  canals,  which  for  conve* 
lience  will  be  designated  the  ^^pool  system,"  tx>  ascertain  whether  it  is 
a  desirable  one:  and  if  so,  what  practicable  benefit  will  arise  from  its 
c^lieatien.  This  snlgect  is  one  of  vast  importance  in  a  commercial 
|oint  of  view,  and  the  proposed  change  is  of  such  a  radical  nature  and 
involvea  so  many  oontinflsncies,  each  demanding  its  own  speeifio  wei^t, 
that  bnt  little  more  can  be  here  attempted  than  to  call  attention  to  the 
more  important  elements  of  the  probl^n,  iMving  its  solution  to  those 
wko  may  possess  sufficient  data  for  that  purpose.  Befening  to  the 
reg[«irements  of  the  ^^  pod^system,"  it  may  be  assumed  that  the  width 
of  the  whole  canal  or  water-way  must  either  be  wide  enough  to  allow 
two  fleets,  of  description  mentioiied  in  tiie  droular,  to  pass,  or  the  form 
of  either  or  both  must  be  changed  for  that  purpose.  In  other  words^  the 
fleet  must  habitually  be  towed  in  a  single  line  of  boats,  and  be  doubled 
up  on  entering  the  lock,  or  the  whole  canal  must  be  made  wide  enough 
&T  four  boats  abreast,  two  in  each  fleet,  to  move  past  each  other  without 
intenruption.  The  present  widths  of  some  of  the  more  important  canals 
are  as  fidlows: 


CflsaL 


Width  At  water-ttne. 


Width  of  look. 


*^J<P2***5**yl 

A«te»  (Scotlaad) 

Tnmehf  (g/muaJljf 

IMeyB.T.,  (b«for« ealanemeiit^ 

Brie,  K.T^  (after  MlargmMiJi)... 

Cheaajieake  and  Ohio « 

Wellaad,  (ctl^diuaiy'cim^ 

Long  flaatt  and  Gooiwall,  (St  Lawrenee  Blver) 


96  to  40  feet 
110  feel 

«lfeet 

40  feet 

WfBet 

flifeet 

00  feet 

56  feet 

uafeet 


15  feet 
40  feet 
17  feet 
15  feet 
laSfeet 
UfeeL 
15  feet 
99  feet 
43  feet 


According  to  the  ^^  pool  system^  the  above  dimensions  would  have  to 
be  increased,  and  the  figures  would  stand  as  follows : 


width  at  wiflerJiiie. 


Width  of  lock. 


a 

French , 

Srie,  (tofero  ealaii^eaMB^ 
Siie,  (a|l(ar  onlamiBeBt). , 

Cheeapeake  and  Ohio 

tlanea  Itivwf  .......•*...., 

WeUaud ,. 

Long  Saalt  and  Coniirdl. 


00  to  64  feet 
190  feet 

86  feet 

68  feet 

119  feet 

lOSfeet 

80  feet 

80  feet 

918  feet 


SO  feet 
80  feet 
34  feet 
30  feet 
3T.6foet 
30  feet 
80  feet 
44  feet 
80  feet 


Whether  the  advantages  gained  bv  the  ^^pool  system^  would  compen- 
sate for  the  enlargement  of  any  canal  as  above  indicated,  would  depend 
upon  the  amount  of  traffic  and  other  considerations  which  it  is  unneces- 
sary to  mention.  Should  it,  however,  be  found  more  ezpedient  to  tow  the 
boats  iu  a  single  Hue,  considerable  delay  must  ensue  at  each  lock ;  a 
question  then  arises  whiter  the  time  thus  lost  would  not  be  equal  to, 
if  not  greater  than,  that  which  would  result  from  the  ordinary  course  of 
procedure.    It  might  appear  that  the  fleet  could  be  towed  habitually  in 
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two  lines,  and  ondoable  on  passing  other  fleets ;  bnt  since  the  niraber 
of  boats  passed  is  generally  mach  greater  than  the  number  of  locks  on 
any  canal,  this  would  evidently  be  less  advantageoos  tiian  the  other 
plan.  Where  these  locks  are  intended  to  pass  boats  from  <me  pond  to 
another,  in  the  case  of  dack-wator  navigation  in  rivers,  these  conside- 
rations would  of  course  not  apply,  as  a  sufficient  width  of  water-way  is 
generally  to  be  found  in  such  cases.  In  the  seocmd  place  it  must  be 
token  into  consideration  that  a  suiBcient  quantity  of  water  will  have  to 
be  supplied  to  canals  with  a  summit  level  to  meke  up  for  the  quantity 
required  to  All  it  and  its  dependent  levels  in  consequence  of  the 
additional  <<  expenditure  "  due  to  the  greater  size  of  the  lock-chamber? 
and  pools,  and  the  greater  displacement  of  water  by  the  fleet.  Tbii 
would  increase  the  cost  of  feeders  Mid  reservoirs,  which  is  a  yerr 
considerable  item  in  the  estimate  for  constructing  many  of  tilie  presort 
canals,  and  in  some  cases  it  might  preclude  tlM  use  of  this  systen 
altogether.  It  would  also  follow  that  the  cucrents,  which  always  exist 
in  canals  from  the  summit  level  to  the  waste-weirs  in  the  lower  leveh, 
would  be  increased  in  the  same  ratio.  These  currents,  besides  weariig 
the  banks  of  the  canal,  retard  boats  moving  against  them,  more  thm 
they  accelerate  those  pursuing  tiie  same  direction,  and  consequently 
cause  a  dead  loss  of  power.  In  the  third  place,  as  stated  in  the  <nrcalar, 
the  use  of  steam-power  must  entirely  supersede  that  of  horses  ii 
propelling  boats  through  canals;  unless  the  requisite  number  of  them 
arrive  at  the  lock  simidtaneously,  those  coming  first  must  be  detained 
until  others  arrive,  otherwise  a  greater  quantity  of  water  must  be 
expended  and  time  consumed  in  passing  one  or  two  isolated  boats  than 
would  be  required  for  a  whole  fleet;  the  prisms  of  lift  and  draught,  or 
contents  of  the  lock,  would  be  the  same,  while  the  displacement  of  the 
boats  would  be  less  in  the  same  proportion  as  their  number  is  less  than 
that  of  the  fleet.  While  it  is  probable  that  steam  will  eventually 
replace  that  of  horse-power,  still  from  the  present  nature  of  canal  traffie 
the  number  of  boats  in  a  fleet  will  be  very  variable  and  many  isolated 
ones  will  be  continually  passing.  This  will,  however,  be  remedied  by 
the  constantly  increasing  amount  of  transportation  by  this  mode,  as 
soon  as  any  decided  improvement  is  effected  for  facilitating  commerdal 
operations.  There  are  many  and  great  reasons  why  extensive  improve- 
ments of  the  kind  should  be  inaugurated  in  the  United  States;  an 
uninterrupted  system  of  canal  and  river  transportation  extending  over 
the  entire  country  has  become  an  absolute  necessity  both  for  commer- 
cial and  military  purposes* 

When  the  several  causes  of  disqualiflcation,  or  disadvantsiges,  do  not 
exist,  or  where  they  are  small  in  comi>arison  with  the  benefits  to  be 
gained,  the  ^^pool  system"  may  be  successfrilly  employed,  and  there  is 
no  doubt  the  advantages  will  be  fully  equal  to  those  claimed  by  Mr. 
Bishop  in  the  circular  already  quoted.  The  suggestions  submitted  and 
the  alterations  proposed  after  careftd  examination  and  study  of  the 
plan  of  a  new  lock  gate  as  presented  by  him  for  the  consideration  of 
the  board  ordered  to  investigate  it,  fieur  from  lessening  the  merits  of  the 
invention,  are  calculated  to  render  it  more  deserving  of  attention  in  the 
minds  of  practical  engineers  by  at  once  removing  the  objections  which 
might  arise  against  some  of  the  constructive  details  of  its  mechanism 
or  the  more  s^vanced  theories  of  its  usefalness;  these,  howerer,  have 
nothing  to  do  with  the  application  of  the  inventor  of  the  grand  principle 
applied  in  arranging  the  gates  in  the  manner  presented  in  his  plan. 
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ADAPTATION  OF  THB  FLAK  TO  THB  WASHIlfOTON  CANAL. 

The  above  conelnmons,  and  the  fact  that  the  Washington  canal  is, 
at  least  nominally,  nnder  consideration  by  another  board  of  engineers, 
by  whom  a  pr^minary  report  has  been  submitted,  would  seem  to  leave 
but  little  to  be  said  in  regard  to  another  division  of  the  subject  of  this 
report,  that  of  ^Hhe  adaptation  of  Mr.  Bishop^s  invention  to  aiding  in 
the  oonstmeldon  of  a  ship  canal  throngh  the  city  of  Washigton.''  As  it 
may  be  considered,  however,  by  others  as  an  anxiliary  to  a  general  plan 
for  improving  the  canal  throngh  tiie  city,  it  wonM  not  be  irrelevant  at 
liiis  time  to  record  some  general  observations  on  this  subject  The 
history,  objects,  and  condition  of  the  Washington  canal  have  contributed 
a  very  considerable  portion  to  the  literature  of  the  city  for  many  years, 
and  the  various  reports  on  Utte  work  in  question,  and  projects  for  ito 
improvement,  would  form  a  volume  of  matter  of  such  magnitude  as  to 
render  a  revision  of  the  whole  subject  too  elaborate  to  he  attempted 
here,  especially  as  one  does  not  appear  to  be  necessary  in  this  connection. 
The  canal  has  been  used  since  its  construction  for  two  purposes :  the  (me 
for  navigation,  and  the  other  as  a  main,  open  sewer ;  it  has  oeen  the- 
receptacle  of  the  sewerage  of  the  larger  portion  of  the  city,  as  well  as 
of  the  surface  drainage  and  the  debris  washed  down  throngh  the  bed 
of  Tiber  Greek.  In  consequence,  it  has  been  gradually  filling  up  with 
a  mass  of  most  deleterious  matter,  and  to  such  an  extent  as  to  render  it 
not  only  entirely  useless  for  the  greater  part  of  its  length  for  the 
passage  of  boats,  but  to  cause  it  to  become  a  public  nuisance.  Attempts 
have  been  made  during  the  last  two  or  three  years  to  i>artially  abate  the 
latter  by  removing  a  pimrtion  of  the  deposit  by  dredging,  and  by  flooding 
the  remainder  by  means  of  tide  gates ;  but  after  repeated  efforts  these 
means  proved  to  be,  as  they  were  intended,  only  temporary  expedients, 
and  cannot  be  eoiuridered  as  having  produced  any  very  beneflciai 
results.  The  various  projects  fbr  the  i>ermanent  improvement  of  the 
canal  may  be  divided  into  three  classes :  the  one  proposes  to  continue 
the  use  of  it  both  fbr  its  legitimate  purpose  and  as  a  sewer  combined ; 
in  other  words,  to  let  it  remain  in  its  present  status;  the  other  to  employ 
it  entirely  for  the  transportation  of  boats  and  to  build  a  covered  'sewer 
parallel  to  it;  whOe  the  third  plan  suggested  is  to  fill  it  up  excepting 
so  much  as  may  be  necessary  for  a  proper  sewer,  and  discontinuing  its 
use  as  a  canal  altogetiieflr. 

Mr.  Bishop's  prcject  belongs  to  tfte  first  of  these  classes.  In  general 
terms  he  proposes  to  extend  tilie  canal  up  the  river  to  Georgetown ;  to 
cut  off  the  present  sharp  bends  at  difitoent  points;  to  place  locks  at  its 
junction  with  the  Potomac  and  Eastern  Branch,  and  to  replace  the 
present  permanent  bridges  across  it  by  turning  or  draw  bridges,  in  order 
to  allow  vessels  of  all  descriptions  to  pass.  In  addition,  as  part  of  this 
plMi,  the  Georgetown  or  Yirginia  channel  of  the  Potomac  is  to  be  dosed, 
and  thus  divert  the  tide  of  commerce  fh>m  its  present  channel,  and 
direct  it  through  the  new  one.  He  also  contemplates  to  clear  the  canal 
and  keep  it  free  from  objectionable  matter  by  opening  the  gates  and 
completely  flooding  it  at  certain  stages  of  water  in  the  river.  Without 
entering  into  the  details  of  this  project,  it  may  be  stated  that  the  require- 
ments of  a  navigable  canal  and  a  suitable  sewer  are  incompatible,  and 
that  in  general  whatever  tends  to  improve  the  one  necessarily  injures 
the  other.  For  example,  a  good  sewer  should  have  a  declivity  of  at  least 
one  foot  in  a  thousand,  white  the  canal  should  be  as  nearly  level  as  pos- 
Bible;  the  sewer  should  be  no  larger  than  is  requisite  to  carry  off  all  the 
semifluid  mass  ar  water  that  can  find  its  way  into  it  from  its  lateral 
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branches  or  from  snrfiMe  drainage,  while  the  larger  the  section  of  the 
canal  within  reasonable  limits  the  better;  the  sewer  requires  to  be  cov- 
ered while  the  canal  remains  open.  The  board  cannot)  tiierefiore,  reoom- 
mend  any  project  in  which  it  is  contemplated  to  nse  the  same  ahaiuud 
£or  Uie  two  porposes,  however  £daaible  the  details  of  soch  an  under- 
taking may  be.  It  is  a  well  known  fact  that  along  the  wharves  of  all 
lar^e  cities  there  is  a  constant  deposit  ttom  the  contents  of  the  sewera, 
which  necessitates  either  almost  eontiuaous  dredging,  or  the  eztenaiofi  of 
the  piers  beyond  its  inflaencOi 

There  is  no  donbt  that  any  canaL  receiving  the  constantly  aecama- 
lating  matter  from  a  great  portion  ox  the  sewerage  of  ahurgecity,  miut 
be  filled  sooner  or  later  unless  there  is  a  very  Strang  and  constant  cor-. 
rent  through  its  entire  length.  In  this  case  there  is  no  possiblli^  of 
producing  such  a  current  without  extending  the  cfmal  up  to  some  point 
at  or  near  the  Chain  or  Little  Falls  brickie,  some  three  miles  ^bove 
Georgetown,  even  l&en  the  velocity*  of  water  at  the  Mm  and  bottonot  of 
a  long  narrow  channel  is  so  much  retarded  by  friction,  that  while  theie 
mi^t  be  a  sufficient  strength  to  the  current  at  the  middle  of  the  caaaL 
a  dBposit  would  jHrobably  form  on  the  sides  and  bottom.  This  would 
take  place  even  in  a  constant  current  when  the  floating  material  is  kept 
in  motion  and  scarcely  allowed  to  settle  and  become  compact,  how  mu^ 
more  then  would  it  obtain  when  locks  were  introduoed,  and  the  force  of 
the  water  allowed  to  exert  its  influence  only  at  intervals.  That  part  of 
Mr.  Bishop's  project,  which  contemplates  the  substitntion  of  turning  or 
draw  bridges  for  the  present  permanent  ones  over  the  canal  cannot  rea- 
sonably be  entertained.  The  canal  now  separates  Ihe  main  portion  of 
the  ci(5^  from  that  section  fronting  on  the  Potomac,  along  which  at  the 
present  time  the  larger  number  of  wharves  have  been  constructed  for 
commercial  purposes.  To  interfere  or  ioterrupt  the  constant  travel  and 
hauling  of  heavy  freight  on  the  streets  leading  from  them  would  prove 
a  veiy  great  ii\jui^  to  trade  and  the  imioo vements  now  projected  in  their 
vicinity.  Even  should  benefit  arise  to  one  part  of  the  iUsy  by  enlarging 
the  dimensions  of  the  canal  so  as  to  enable  sea-going  veaseLa  to  ent^,  it 
would  scarcely  compensate  for  the  expense  of  the  undertaking,  and  the 
damage  that  would  be  sustained  by  anotiier  and  a  very  rapidly  improv- 
mg  portion.  Should  the  money  necessary  to  execute  such  a  work  be 
wplied  to  dredging  and  <q»ening  the  old  Washington  channel  along  the 
whole  water  front  of  the  city,  it  would  prove  a  moce  profitable  and  bene- 
ficial expenditure.  A  long  and  continous  line  of  wharves,  extending  from 
the  Arsenal  Point  to  the  foot  of  the  Little  Falls,  could  then  be  built. 
The  closing,  as  intimated  in  the  method  of  improvement  referred  to,  of 
an  old  and  well  established  ohannd  like  the  Ge^getown  or  Virginia  one^ 
for  the  purpose  of  opening  another  and  a  more  eirouitous  one  throngh 
the  heart  of  a  largecity,  would  scarcely  meet  with  very  &v<Nrable  oont- 
sideration  in  any  point  of  view ;  the  only  practicable  and  intelligent  plan 
of  operations  is  to  accomplish  by  mechanical  means  what  nature  origin* 
ally  designed  should  be  the  cash,  the  reopening  of  the  old  diannela  an 
tibey  existed  b^ore  any  encroachments  were  imtde  up<m  them,  or  any 
obstructions  allowed  to  be  interposed  to  their  detriment.  In  closing 
this  division  of  the  leportf  the  board  cannot  look  upon  the  foots  just 
stated  as  being  in  any  way  discouraging  to  those  interested  in  the  im- 
provement of  ti^  Waddngton  GanaL  If  it  cannot  be  made  to  serve  two 
purposes,  there  is  no  reason  why  it  should  not  be  made  nsefol  in  aocom- 
pliwing  one  good  result,  one  object  well  accomplished  will  certainly 
prove  more  profitable  than  two  imperfectly  executed.  It  is  susceptible 
of  a  mathematical  demonstration  Ulat  idiould  eitiier  the  second  or  third 
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of  tbe  general  plans  lefenred  to  f<»r  Ae  improvemMit  of  the  Wafihington 
Oatial  he  adopted,  in  other  words,  shonld  the  eanal  be  properly  cleaned 
ont,  narrowed^  straightened  as  mnch  as  possible,  and  a  good  sewer  built 
parallel  with  it,  the  arch  over  the  lower  portion  of  Tiber  Greek  being 
also  extended  as  high  up  as  the  boundary  of  the  city  limits,  or  shonld 
tiie  canal  be  discontinued  as  such,  and  a  portion  of  ite  width  converted 
into  a  proper  sewer,  and  in  connection  with  this,  should  the  main  chan- 
nd  of  the  Potomac  be  diyerted  towards  and  along  Hke  Washington  shore, 
tbe  value  of  the  land  reclaimed,  and  the  rise  in  the  price  of  property 
effected  by  the  change,  would  more  tiian  pay  the  cost  of  the  whole  under- 
taking, to  say  nothing  of  the  vast  improvement  that  would  accrue  to  the 
city  by  benefiting  its  sanitary  condition. 

Before  closing  it  may  not  be  considered  irrelevant  to  add  some  general 
information  in  regard  to  canals  and  navigable  rivers,  and  the  improve- 
ments in  connection  with  them.  The  tables  D^  E,  and  f ,  which  are 
appended,  contain  lists  of  the  canals  and  river  improvemente  already 
existing,  or  which  are  contemplated  in  the  United  States^ 

The  authorities  from  which  the  data  are  obtained  are  as  follows: 

1.  Beport  upon  the  Physics  and  Hydraulics  of  the  Mississippi  Biver, 
by  Oaptain  A.  A.  Humphreys  and  Lieutenant  H.  B.  Abbott,  topograph- 
ical engineers,  1861. 

2.  Beport  of  the  State  Engineer  and  Surveyor  of  the  State  of  New 
York  for  1863. 

3.  Beport  of  the  State  Engineer  and  Surveyor  of  the  State  of  Kew 
York  for  1866. 

4.  Beport  of  the  Superintendent  of  the  United  States  Census  of  I860. 

5.  Archives  of  the  Headquarters  Corps  of  Engineers,  United  States 
Army. 

6.  Proceedings  of  the  National  Ship  Canal  Convention,  held  at  Chid^o, 
June  2  and  3  1863. 

7.  History  of  the  Ohio  Canals,  prepared  ftom  public  documente  of 
1862. 

8.  Bishop  Davenport's  Gazetteer  and  Geographical  Dictionary. 

The  statistics  herewith  submitted  concerning  some  of  the  existing 
canab  are  collected  principally  from  the  above-mentioned  sources,  ana 
the  data  thus  famished  tend  to  demonstrate  not  only  the  imi>ortance  of 
providing  additional  facilities  for  the  transportation  of  freight,  but  also 
the  very  urgent  need  for  them.  A  great  many  facts  were  presented 
during  the  session  of  the  National  SUp  Canal  Convention,  which  was 
called  together  for  the  purpose  of  discussing  the  subject  of  ^^  the  enlarge- 
ment of  tiie  canals  between  the  valley  of  the  Mississippi  and  the  Atlantic,'^ 
being  regarded  '^  as  of  great  national,  commercial,  and  military  import- 
ance, and  as  tending  to  promote  the  development,  prosperity,  and  unity 
of  our  whole  country.^ 

The  substance  of  the  xnroceedings  of  this  convention,  consisting  of 
about  two  thousand  five  hundred  members,  representing  the  mercantile 
interest  of  Maine,  New  Hampshire,  Vermont,  Connecticut,  Massachu- 
setts, Bhode  Island,  Kew  York,  Kew  Jersey,  Pennsylvania,  Ohio,  Mich- 
igan, Indiana,  Illinois,  Wisconsin,  Iowa,  Minnesota,  Missouri,  Kentucky, 
Kansas,  Dacotah  Territory,  and  the  District  of  Ocdumbia,  is  summed 
up  in  the  following  resolutions,  and  which  were  unanimously  adopted. 

The  repreaentatiyes  of  the  Btatea,  aasembled  in  natioiukl  conyention  in  Chioago, 
deaiToiis  of  cementfng  a  dooer  naion,  of  perpetuating  our  nationality  forever,  of  pro- 
viding for  the  common  defense,  and  proaoonng  the  genml  welfhre  of  oar  whole  coimfay, 
adopt  the  following  reeolniionfl ; 

f&Mlvedy  That  we  renud  ike  oonetmotion  and  enlargement  of  canals  between  the 
Hiflflissippi  Kiver  and  the  Atlantic,  with  canals  duly  connecting  the  lakes,  as  of  great 
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national,  military,  and  ooromeroial  importanee;  we  belieTe  sneh  oonsfcruction  and 
enlarp;ement,  witn  dimenaions  safficient  to  pass  gunboats  tana  tiie  Miaaiflsippi  to  Lake 
Michigan,  and  from  the  Atlantic  to  and  from  the  great  lakes,  will  furnish  the  cliaapeat 
and  most  efficient  means  of  protecting  the  northern  frontier,  and  at  the  same  time  wOl 
promote  the  rapid  derelopment  and  permanent  nnion  of  onr  whole  conntrj. 

Mtmolved,  That  these  works  are  demanded  alike  by  military  pmdenoe,  political  wie- 
dom,  and  the  necessities  of  commerce ;  such  werki  will  be  not  only  national  but  eoati- 
nental,  and  their  early  accomplishment  is  required  by  eyeiy  principle  of  sound  poliHeai 
economy. 

Besohed,  That  such  national  highways  between  the  lOBsissippi  and  the  lakes,  as  far 
as  practicable,  should  be  free,  wiwont  tolls  and  restrictions;  and  we  should  deprecate 
^e  placing  this  great  national  thonmghfsie  in  the  hands  of  any  private  eorpormosi  or 
State.  The  work  should  be  accomplided  by  national  credit,  and  as  so<m  as  the  eoat  ia 
reimbursed  to  the  national  treasury,  should  be  as  free  as  tiie  lakes  to  the  conunoioe  of 
the  world. 

An  executive  committee  of  one  from  each  State  was  appointed,  wbich 
prepared  and  submitted  a  memorial  to  the  President  and  the  Congress  of 
the  United  States,  presenting  the  views  of  the  convention,  and  nrging 
the  passage  of  the  necessary  laws  to  carry  them  into  ftdl  effect.  The 
memorial  urges  the  necessity  of  large  ship  canals  between  the  East  and 
the  West,  both  for  military  and  commercial  purposes.  In  reference  to 
the  importance  of  the  first  it  contains  a  very  interesting  description  of 
the  exx>osed  condition  of  our  northern  frontier  compared  with  the  com- 
plete and  well-established  defenses  of  Canada,  consisting  of  fortifications 
and  canals :  those  connecting  the  Atlantic  with  Lake  Ontario  have  locks 
forty-five  reet  in  width,  two  hundred  feet  in  length,  and  eight  feet  in 
depth.  By  these  water  communications,  and  the  Welland  Canal,  the 
latter  connecting  Lakes  Erie  and  Ontario,  with  locks  twenty-six  fbet 
wide,  one  hundred  and  fifty  feet  long,  and  eleven  feet  deep,  Oreat  Brit- 
ain can  ^^send  a  whole  fleet  of  gunooats.  with  the  most  powerfdl  of 
screw  corvettes,  to  carry  the  protection  of  tne  British  flag  from  Montreal 
to  Detroit." 

To  resist  such  measures,  the  TJnited  States  are,  as  yet,  entirely  power- 
less. The  chairman  of  the  Committee  on  Military  Affairs  of  the  House 
of  Bepresentatives,  in  1863,  employed  the  following  forcible  langniige: 

A  email  fleet  of  light  draught,  heayily  armed  iron-clad  ganboats  oould  in  a  ahoii 
month  pass  up  the  St.  Lawrence  into  the  lakes,  and  sheU  every  citv  from  Ogdenshnrg 
to  Chicago,  it  could  at  one  hlow  sweep  onr  oommeroe  Dram  the  <»itire  ohain  of  waters. 
Bach  a  fleet  coald  have  it  in  its  power  to  inflict  a  loss  to  be  redkoned  only  by  hmidreda 
of  millions  of  dollaxs,  so  vast  is  the  wealth  thns  exposed  to  the  depied«tion  of  a  maritiiBa 
enemy. 

The  memorial  proposes  the  enlargement  of  the  connection  of  Lake 
Michigan  with  the  Mississippi  Biver;  the  construction  of  a  ship  canal 
around  the  Niagara  Falls;  and  the  enlargement  of  the  Erie  and  Oswego 
canals. 

In  reference  to  the  commercial  importance  of  the  improvements  eDu- 
merated,  the  signers  of  the  memorial  make  use  of  the  brief  but  expressive 
sentence,  <^  We  have  out^x)wn  our  canals."  They  say  still  fiirtlier,  ^<  tiie 
necessity  of  the  enlargement  of  the  canals  is  manifest  by  the  enor- 
mous profits  of  the  great  railways  and  the  extravagant  rates  of  trana- 
portation,  showing  tiiat  the  quantity  to  be  carried  forward  is  so  vast 
that  the  carriers  command  their  own  terms." 

The  annexed  graphical  sketch  (G)  is  intended  to  represent  the  progress 
of  the  trade  on  the  Erie  Canal  from  the  year  1835  to  1862,  both  included, 
as  gathered  from  the  annual  report  of  tiie  State  engineer  and  surveyor 
of  !New  York  for  1863.  "So  statistics  of  the  seasons  succeeding  1862 
could  be  found.  The  broken  line  in  the  sketch  shows  the  amount  of 
freight  arriving  at  tide-water,  and  the  fall  line,  the  total  amount  inclu- 
ding both  that  leaving  and  arriving  at  tide-water.    The  broken  and 
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dotted  line  representing  the  amount  of  freight  going  east,  and  the  dot- 
ted line  the  total  amount  going  both  ways,  exidbit  apparenttiy  the  average 
increase  Irom  year  to  year  between  1835  and  1862,  and  prove  said  in- 
crease to  become  greater  and  greater  every  successive  season.  The 
toial  lockage  at  Junction  and  Alexander's  lock  for  1862  was  42,866,  mak- 
ing the  daUy  passage  204.  The  cost  of  transportation  (tolls  and  might) 
was  916  per  ton  in  1835,  from  Albauy  to  Buffido,  and  $6  29  per  ton  from ' 
Buffalo  to  Albany ;  it  was  reduced  in  1862  to  912  50  from  Albany  to 
Buffalo,  and  (4  22  from  Buffalo  to  Albany.  This  reduction  was  in  a 
great  measure  attained  by  the  gradual  enlargement  of  the  canal,  and  in 
the  increased  size  of  the  boats  used.  ■  The  reinnrt  of  the  committee  on 
statistics,  appointed  by  the  convention  at  Chicago,  contains  a  statement 
of  the  Hon.  N.  S.  Benton,  auditor  of  the  canal  department  of  Kew  York, 
which  furnishes  the  following  increase  in  the  size  of  the  boats  employed : 
the  average  size  of  boats  in  1842  was  forty- two  tons;  in  1847,  sixty-flve; 
in  1852,  eighty;  in  1857,  one  hundred;  and  in  1862,  one  hundred  and 
sixty-seven  tons.  The  State  engineer  and  surveyor  says  in  his  annual 
report  for  1863,  in  reference  to  the  reduction  of  the  rates  of  transporta- 
tion, that  *Ho  accomplish  this  imi)ortant  result  the  State  expended  for 
the  enlargement  of  the  Erie  Canal,  including  l^md  damages  and  interest 
on  loans,  (43,639,268  34. 

But  to  make  the  enlargement  complete  and  efficient,  it  should  be 
followed  by  a  proportionate  increase  in  the  dimensions  of  the  locks  in 
order  to  give  them  sufficient  capacity.  The  authority  above  quoted  says, 
in  his  paper  of  1866,  in  reference  to  the  enlargement  of  the  State  canals 
so  as  to  admit  of  the  passage  of  gunboats,  a  subject  already  debated  in 
the  New  York  legislature,  that  '^  the  plan  of  the  enlargement  of  the 
capacity  of  the  locks  to  tide- water  is  the  pra<^tical  solution  of  the  diffi- 
culty, and  will  secure  us  for  the  present  in  the  continued  control  of  this 
great  traffic  by  furnishing  to  it  a  quicker,  safer,  and  cheaper  route  than 
can  be  found  elsewhere."  ^^  But  so  rapidly  is  the  great  West  increasing  in 
popidation  and  all  the  elements  of  national  wealth  and  prosperity,  even 
this  relief  can  only  be  adequate  for  a  limited  number  of  years."  ^^One 
tier  of  enlarged  locks,  with  a  capacity  of  chamber  two  hundred  and 
twenty  feet  in  length  between  the  quoins,  and  a  width  of  twenty-five 
feet  at  the  top- water  line  of  the  lower  level,  will  admit  the  passage  of 
boats  with  six  feet  draught  of  water,  equal  to  a  tonnage  displacement 
of  ^x  hundred  and  eighty-four  tons  or  a  cargo  of  five  hundred  tons, 
and,  with  an  equal  distribution  of  boats,  a  capacity  of  five  million  tons 
in  each  direction,  per  season^"  '^  The  cost  of  transportation,  as  compared 
with  boats  of  the  present  tonnage,  will  be  reduced  from  2.16  to  1.44 
mills,  per  ton,'  per  mile,  based  upon  the  movement  of  horse-powW." 
<'  The  experiments  thus  i&i  made  with  use  of  steam  as  a  motor  have  been 
unsuccessful.  ThiA  result  is  attributable  to  the  want  of  capacity  in  the 
locks.  The  room  occupied  by  the  power  necessary  for  rapid  transit  is 
too  great,  as  compared  with  the  space  remaining  for  storage  of  cargo,  to 
make  its  use  economicaL  This  difficulty  will  be  greatly  lessened,  if  not 
entirely  removed,  by  the  use  of  large  boats."  In  a  statement  which  was 
submitted  by  the  Com  Exchange  of  New  York,  and  the  Board  of  Trade 
of  Buffalo,  to  the  joint  committee  on  canals  of  the  New  York  legislature 
in  1863,  the  inefficient  capacity  of  the  locks  on  the  State  canals  is  set 
forth  as  follows: 

^^  The  fact  was  shown  that,  during  considerable  portions  of  the  last 
three  years,  the  Erie  Canal  had  been  taxed  to  its  utmost  capacity, 
not  from  deficiency  in  its  main  trunk,  but  from  the  impossibility  of 
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passing  more  boats  through  its  looks:  that  while  the  channel  of  the 
canals  was  sufficient  to  he  navigated  by  boats  of  six  hundred  tons 
burden,  the  present  locks  could  pass  boats  of  about  two  bandred  tons 
only;  that,  while  the  channel  of  the  canals  in  question  was  seTcoty  hj 
seven,  the  locks  were  but  ninety-seven  by  eighteen ;  that  multiplying  boats 
would  not  increase  the  transportation  of  tonnage  for  the  reason  the  limit 
of  lockage  had  already  been  reached ;  that  while  the  channels  of  the  Eiie 
and  Oswego  canals  (with  resources  at  command)  were  probably  suffident 
for  the  transiM>rtation  of  twenty-five  million  tons  annually,  the  capacity 
of  the  present  locks  had  been  reached  the  present  season  at  two  miUion 
nine  hunc^d  thousand  tons.  The  statement  shows  by  tables  famished 
by  the  auditor  of  the  canal  department  that  the  lockages  for  the  three 
most  active  months  of  1860  (September,  October,  and  S^ovember)  were 
fifteen  thousand  four  hundred  and  twenty  at  Frankfort,  the  locks  beinf 
double.  An  addition  of  six  hundred  and  nineteen  new  boats  in  tbe 
same  three  months  of  1861,  only  caused  an  increase  oi  one  hundred  and 
sixty-five  instead  of  three  thousand  seven  hundred  and  fburteea,  alloV' 
ing  each  new  boat  three  trips  either  way.  Another  addition  of  eight 
hundred  and  fifty  new  boats  in  1862,  which  during  the  same  tlnee 
months  with  adequate  locks  ought  to  have  caused  an  incre^ise  in  lockage 
of  eight  thousand  nine  hundred  and  ninety-four  over  1860,  was  followed 
by  an  increase  of  lockage  of  only  one  thousand  six  hundred  and  siil^- 
three.  The  last  increase  was  obtained  by  the  utmost  exertions  in  ever^ 
respect,  and  by  the  application  of  stationary  power."  l%e  statement 
then  adds  that  <^the  inadequacy  of  the  locks  to  the  present  channels  of 
the  canals  was  fhrther  illustrated  by  the  many  lofles  of  boato  constaotiy 
accumulated  at  Rochester,  waiting  their  time  at  the  Brighton  lock,  bo 
called,  and  at  Syracuse,  at  the  first  lock  east  of  the  junction  of  the 
Oswego  Canal;  showing  that  while  these  boa1»  had  passed  readily  ^ong 
the  levels,  they  suffered  detention  only  at  the  locks ;  thus,  while  ten  to 
twelve  days  should  be  ample  time  to  run  a  loaded  boat  iVom  Bnifiilo  to 
ISTew  York,  eighteen  to  twenty-two  are  now  required,  consequently  a  lo« 
of  time  of  nearly  thirty-three  per  cent." 

The  tbregoing  data  show  c<»idusively  that  the  delay  and  conseqnent 
loss  in  the  shipment  of  goods  through  the  present  canals,  so  seriously 
embarrassing  to  commerce,  does  not  arise  ttom  their  general  construc- 
tion, but  is  principally  owing  to  the  siee  of  their  locks;  the  latter  are 
too  small  in  proportion  to  the  profile  of  the  canals.    Being  incapable  of 
furnishing  transit  to  more  than  a  limited  number  of  the  many  boats 
that  traverse  with  ease  and  rapidity  the  levels  connecting  them,  their 
progress  is  greatly  retarded  and  commerce  imp^ed,  tiie  cost  of  trans- 
portation, in  consequence,  ruling  at  inconveniently  high  rates.    Any 
alteration  in  the  devising  of  locks  that  lessens  the  cost  of  constractioii 
and  expedites  the  passage  of  boats,  as  by  some  improved  mechanical 
apparatus  for  filling  and  emptying  the  chamber,  will  be  welcomed  as  an 
advanced  step  toward  the  accomplishment  of  the  scheme  under  con- 
sideration.   The  preceding  information  in  regard  to  existing  canals,  as 
well  as  the  data  for  compiling  the  annexed  tables,  has  been  principally 
compiled,  under  tlie  direction  of  the  board  of  engineers^  by  Mr.  Bishop, 
the  inventor  of  the  plan  of  improved  lock  submitted  to  it  for  examina- 
tion, assisted  by  Mr.  John  de  la  Gamp,  dvil  engineer:  the  latter  also, 
as  already  stated,  prepared  the  drawinjps  of  the  plan  m>m  the  models 
of  the  lock  presented  for  the  inspection  and  report  of  the  board. 

V.  MIOEOiEB, 
JTo^r  ofSngtmeen^  Bwt.  Brig.  Om.  JJ.  B.  A. 
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While  oonoamng  generally  in  tbe  views  embmitted  above,  it  seems 
proi>er  to  add  that  it  is  imx>ossible  to  decide,  from  an  examination  of  a 
smdl  model,  as  to  the  actoal  commercial  valne  of  an  arrangement  like 
Mr.  Bishop's.  It  is  ingenious,  bot  I  do  not  believe  it  will  effect  the 
revolution  in  the  canal  navigation  that  he  seems  to  anticipate.  Its  real 
value  can  only  be  ascertained  by  using  It  on  some  existing  or  projected 
canal.  Its  advantages  do  not  appear  to  me  so  manifest  or  so  great  as 
to  justify  a  recommendation  that  Congress  be  asked  to  appropriate  the 
money  to  make  a  practical  trial  of  it.  If  any  canal  company  be  found 
willing  to  give  the  invention  a  test,  by  building  such  a  lock  and  proving 
its  value  by  actual  use,  none  will  be  more  interesrted  than  myself  in  the 
experiment  or  more  gratified  to  learn  that  Mr«  Bishop's  hopes  and 
expectations  are  AiUy  realized. 

I  am  unable  to  perceive  the  necessity  or  propriety  of  having  a  ship 
canal  through  the  city  of  Washington,  whether  it  be  built  at  the  expense 
of  the  general  government  or  of  the  corporation  of  Washington.  Being 
of  this  opinion,  it  is  scarcely  necessary  to  add,  that  the  locality  does 
not  seem  to  be  a  fSatvorable  one  for  the  applicatiou  of  Mr.  Bishop's  canal 
lock. 

WM.  P.  OEAIGHILL, 
Major  ofJEngineerSj  Bvt  Lieut.  Ool.  U.  8.  A. 

I  concur. 

W.  R  KING, 
Oaptadn  of  Sngineersj  Bvt  Maj.  U.  &  A. 


A. — Detailed  estimates  of  a  candt  locky  eight  feet  l^fty  oldplaai. 

Grubbing  and  clearing $200  00 

Bailing  and  draining 1, 600  00 

Excavation  of  earth«work,  20,000  cubic  yards,  at  30  cents . .  6, 180  00 

Embankment,  3,000  cubic  yards,  at  30  cents 900  00 

Lining,  3,200  cubic  yanlB,  at  50  cents 1,600  00 

Puddling  earth,  300  cubic  yards,  at  30  cents 108  00 

Slope  wall  and  pavement,  660  cubic  yards,  at  $1  75 1, 165  00 

Loose  stone,  170  cubic  yards,  at  $1  26 212  60 

Vertical  wall,  in  cement,  120  cubic  yards,  at  $6 600  00 

Vertical  waU,  dry,  480  cubic  yards,  at  $3  60 1,680  00 

Masonry  in  lock  waUs.  3,006  cubic  yards,  at  $12  50 37, 575  00 

Concrete  masonry,  360  cubic*yards,  at  $4 1, 400  00 

White  oak  timber,  ftc,  42,600  feet,  board  measure,  at  70 

cents 2,982  00 

White  pine  timber,  fto.,  16,800  feet,  board  measure,  at  60 

cents. 840  00 

Hemlock  timber,  Ac.,  220,000  feet,  board  measure,  at  25 

cent» : 6,800  00 

Bearing  piles,  d^ivered,  19,000  lineal  feet,  at  20  cents. ...  3, 800  00 

Bearing  piles^  driven,  16,000  lineal  feet,  at  15  cents 2, 400  00 

Wrought  iron,  16,100  pounds,  atl6eents 2,416  00 

Oast  iron,  11,850  pounds,  at  10  cents 1?  186  00 

Spikes  and  nails,  5,000  pounds,  at  10  cents 600  00 

Sulphur  and  sand  cement,  i>er  lock 100  00 

Painting  lock  gates,  per  look "-  30  00 

Snubbing  posts,  100  lineal  feet 60  00 

72, 722  50 
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B.r^DetaUed  estimates  of  a  canal  loek^  eight/eet  l^  newplam. 

Grubbing  and  clearing S200  00 

Bailing  and  draining 1, 500  00 

Excavation  of  earth,  15,044  cubic  yards^  at  30  cents 4, 513  20 

Embankment,  3,000  cubic  yards,  at  30  cents 900  00 

Fuddling  earth  in  foundation,  600  cubic  yards,  at  20  cents  120  00 
Masonry  in  lock-walls,  foundation,  and  section,  280  cubic 

yards,at$12  50 3,500  00 

Masonry  in  four  piers  in  gate  chamber,  156  cubic  yards,  at 

$7 1,092  00 

Masonry  in  the  breast  of  the  lock,  102  cubic  yards,  at  (5.  510  00 

Pavement  at  the  head  of  the  lock,  87  cubic  yards,  at  (2  25  195  75 

Foundation  timber,  12,000  feet,  board  measure,  at  25  cents  300  00 
Floor  plank,  three  inches  thick,  3,550  feet,  board  measure, 

at  50  cents 1, 775  00 

Gate  timber  plank,  &c.,  pine,  4,639  feet,  board  measure,  at 

50  cents 231  95 

Foundation  timber  for  second  section,  72,000  feet,  board 

measure,  at  25  cents 1, 800  00 

Floor  plank,  of  three  inches  thick,  for  second  section, 

25,200  feet,  board  measure,  at  50  cents 1, 350  00 

Floor  plank,  of  two  inches  thick,  for  second  section, 

10,920  feet,  board  measure,  at  50  cents 546  00 

Masonry  in  lock  walls,  second  section,  1,568  cubic  yards, 

at  $12  50 19,600  00 

Masonry  in  third  section,  368  cubic  yards,  at  (12  50 4, 500  00 

Masonry  in  four  piers  in  gate  section,  212  cubic  yards,  at 

$7  .../ 1,484  00 

Masonry  in  lower  chamber  under  side  walls,  55  cubic  yards, 

at  $7 385  00 

Foundation  timber^  12,890  feet,  board  measure,  at  25  cents  322  25 
Timber  and  plank  for  lower  gate,  4,821  feet,  board  measure, 

at  50  cents : 241  00 

Bearing  piles,  in  lineal  feet,  4,500  lineal  feet,  at  20  cents . .  900  00 

Wrought  iron  for  the  first  section,  4,141  pounds,  at  15  cents  621  15 

Wrought  iron  for  the  first  section,  1,711  pounds,  at  20  cents  342  20 

Cast  iron  for  the  first  section,  21,401  pounds,  at  10  cents . .  2, 140  10 
Wrought  iron  for  the  third  or  lower  section,  3,565  pounds, 

at  20  cents 7 13  00 

Wrought  iron  for  the  third  or  lower  section,  3,491  pounds, 

at  15  centa 524  55 

Cast  iron  for  the  third  or  lower  section,  22,434  pounds,  at 

10  cents 2, 243  40 

JScrew-bolts  and  spikes  for  the  whole  lock,  3,000  pounds,  at 

15  cents 450  00 

Material  for  cement 100  00 

Painting  gates 50  00 

Snubbing  posts 60  00 

53, 210  55 

0. 

Grubbing  and  clearing $200  00 

Bailing  and  draining 1, 600  00 
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Excavation  of  earth,  15,'786  cubic  yards,  at  30  cents (4, 735  80 

Embankment,  1,500  cubic  yards,  at  30  cents 450  00 

Masonry  in  the  lock  walls  of  first  section,  280  cubic  yards, 

at  $12  50 3, 500  00 

Masonry  in  four  piers  in  gate  chamber,  156  cubic  yards,  at 

$7 1,092  00 

Bubble  masonry  in  breast  of  the  lock,  102  cubic  yards,  at 

$5 510  00 

Pavement  at  the  head  of  the  lock,  87  cubic  yards,  at  $2  50  217  50 
Foundation  timber,  12,000  feet,  board  measure,  at  25  cents  300  00 
Floor  plank,  of  three  inches  thick,  3,550  feet,  board  meas- 
ure, at  50  cents 177  50 

Floor  plank,  of  two  inches  thick,  2,000  feet,  board  measure, 

at  50  cents 100  00 

Timber  and  plank  for  the  gate,  4,639  feet,  board  measure, 

at  50  cents 231  95 

Pavements  of  the  sides  and  bottom,  middle  section,  to  be 

grouted  with  cement,  1,833  square  yards,  at  $4. .' 7, 332  00 

Masonry  in  lock  walls  of  third  section,  400  cubic  yards,  at 

$12  50 5,000  00 

Masonry  in  four  piers  of  third  section  chamber,  212  cubic 

yards,  at  $7 1, 484  00 

Masonry  return  of  walls  at  lower  end,  55  cubic  yards,  at 

$12  50 685  50 

Foundation  timber  in -third  section,  12,890  feet,  board  meas- 

'ure,  at  25  cents • 322  25 

Floor  plank,  of  three  inches  thick,  third  section,  5,400  feet, 

board  measure,  at  50  cents 270  00 

Floor  plank,  of  two  inches  thick,  third  section,  3,600  feet, 

board  measure,  at  50  cents 180  00 

Timber  and  plank  for  the  gate,  third  section,  pine,  4,821 

feet,  board  measure,  at  50  cents 241  00 

Bearing  piles,  (lineal  leet,)  at  20  cents 713  00 

Wrought  iron  for  first  section,  4,141  pounds,  at  15  cents. .  621  15 

Wrought  iron  for  first  section,  1,711  pounds,  at  20  cents. .  342  20 

Cast  iron  for  first  section,  21,401  pounds,  at  10  cents 2, 140  00 

Wrought  iron  for  third  section,  3,565  pounds,  at  20  cents. .  713  00 

Wrought  iron  for  third  section,  3,491  pounds,  at  45  cents . .  524  55 

Cast  iron,  22,434  pounds,  at  10  cents 2, 243  40 

Screw  bolts  and  spikes,  2,000  pounds,  at  15  cents 300  00 

Puddling  earth  in  foundation,  300  cubic  yards,  at  20  cents  60  00 

Materials  for  cement , 200  00 

Painting  gates 60  00 

Snubbingposts 60  00 

36, 496  80 
35 
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D. — Statement  of  canal  and  river  imprwemente  eaEi8tiii9g  in  ike  United  Staie^ 


Name  and  State. 


Cumberland  to  Oxford,  He 

Songo  River  improvement,  Me. . . 

Canals  around  Merrimac  Biver 
FaUs,  N.  H. 

Cauala  aroond  Connecticut  River 
FaUa,  Vt. 

Canals  on  branches  of  Connecti- 
cut River,  Vt. 

Middlesex  Canal,  Mass 

Enfield  Canal,  Conn 


Erie  Canal,  N.  T 

Gronesee  Valley  Canal,  N.  Y 

Cayuj^a  and  Seneca  Canal,  N.  Y. . 

Crooked  Lake  Canal,  N.  Y 

Chemung  Canal,  N.  Y 

Chenango  Canal,  N.  Y 

Oswego  Canal,  If .  Y 

Black  River  Canal,  N.  Y 

Black  River  improvement,  N.  Y. . 

Champlain  Canal,  K.  Y 

Oneida  Lake  Canal,  N.  Y , 

Oneida  River  improvement,  N.  Y. 

Delaware  and  Ruitan  Canal,N.  J. 
•Delaware  F<»eder,  K.  J ■ 

Morris  Canal,  N.  J 

Delaware  and  Hudson  Canal,  Pa. . 

Lehigh  KavigatioUj  Pa 

Schuylkill  Navigation,  Pa 

Delaware  Division,  Pa , 

North  Branch  Canal,  Pa 

Wyoming  Canal,  Pa 

West  Branch  and  Susquehanna 
Canal,  Pa. 

Union  CanaLPa , 

Pine  Grove  Branch  Canal,  Pa. . . , 

Susquehanna  and  Tide- water  Ca- 
nal, Pa. 

Pennsylvania  Canal,  Pa 

Western  Division  Canal,  Pa 

Monogahela  navigation,  Pa 

Youghiogheny  navigation.  Pa . . . 

Erie  Canal,  Pa 

French  Creek  Feeder,  Pa 

Wisconiao  Canal,  Pa , 

Conestoga  Canal,  Pa 

Little  Schuylkill  Canal,  Pa 


SOi 


Chesapeake  and  Delaware  Canal, 

Del. 
Chesapeake  and  Ohio  Canal,  Md. . 

Ohio  and  Erie  Canal,  Ohio 

Ohio  and  Erie  Canal,  Columbus 

branch,  Ohio. 
Ohio  and  Erie  Canal,  Lancaster 

branch,  Ohio. 
Ohio  and  Erie  Canal,  Zanesrille 

branch,  Ohio. 
Ohio  and  Erie  Canal,   Athens 

branch,  Ohio.  (Hocking  Canal.) 
Obio  and  Erie  Canal,  Granville 

branch,  Ohio. 
Ohio  and  Erie  Canal,  Walhond- 

Ing  branch,  Ohio. 

Miami  and  Erie  Canal,  Ohio 

Miami  and  Erie  Canal,  Lebanon 

branch,  Ohio. 
Sandy  and  Beaver  Canal,  Ohio . . . 
Sandy  and  Beaver  Canal,  Canton 

branch,  Ohio. 

Mahoning  Canal,  Ohio 

Muskingum  River  Improvement, 

Ohio. 

Wabash  and  Erie  Canal,  Ind 

Whitewater  Canal.  Ind 

Chicago  and  Illinois  Canal,  HI. . . . 


13 

39 

29 
5i 

363 

135 
85 
8 
39 
97 
38 
50 
43 

74 

p' 
I 

30 

43 

334 

101 

108 

38k 


60 
105 

64 
117 

77 
33 
45 

156 
76 


136 
87 
13 


35 

13 

184| 
307 
14 

9 

16* 
56 

5 

83 

365 
80 

86 
14 

87 


Uila. 


30 


469 

94 

380 


45 
108i 


90 
18 


18 


I 


91 


FeeL 
168 
8 
156 

805 

notasoe 

130 
80 

675 
1,064 
77 
378 
490 
1,015 
155 
1,088 
notasce 
178 
60 
notasce 
150 
4 
1,674 
950 
1,897 
616 
167 
358 
69 
335 

503 
notasoe 
833 

671 

469 

75 

37 

930 

138 

35 

50 

50 

38 

606 

1,085 

11 

11 

87 

808 

16 

90 

887 
notasoe 

350 
notasce 

343 

101 

500 
500 
170 


86 

1 

30 

35 

rtained. 

17 
3 

71 
114 
11 
37 
49 
114 
18 
109 
rtained. 
80 
7 

rtained. 
15 
1 
818 
105 
78 
70 
84 
87 
8 
31 

84 
rtained. 
89 

76 

45 

4 

8 

133 

16 

6 

6 

6 


74 

153 

3 


Extreme  pointi 


3 
86 

8 

11 

100 
rtained. 

44 

rtained. 

43 
13 

63 
63 
81 


Boston  to  Chelmslbrd. 

Around  Enfield  Falls  on  Cannectio^ 

River. 
Albany  to  Buffalo. 
Rochester  to  Oleau. 
Montezuma  to  Geneva. 
Dresden  to  Penn  Yan. 
Head  of  Seneca  Lake  to  Ehnira^ 
Utica  to  Biughamton. 
Syracuse  to  Oswega 
Rome  to  High  FaUa. 
High  FaUs  to  Carthage. 
Grand  Junction  to  WhitebaU  TaTrr 
Higeinsville  to  Oneida  Lake. 
Oneida  Lake  to  Oueida  Rivec 
Bordentown  to  New  Brunswick. 

Jersey  City  to  Phillinsbnrs- 
EddysvUle  to  Honesdale. 
Stoddartville  to  Eastoo. 
Philadelphia  to  Port  Carbon. 
Easton  to  Bristol. 

Wilkesbarre  to  New  York  State  llae. 
Wilkesbarre  to  Northumberiand. 
Farrandsville  to  Duncan^a  T^ii»»^ 

Reading  to  Middletown. 
Union  Canal  to  Pine  Grove. 
Wrighteville  to  Havre  de  Grace. 

Columbia  to  Hollidaysbuig. 
Johnstown  to  Pittsburg. 
Pittsburg  to  Genesee. 
MoKeesport  to  West  NewtoiL. 
Bridgewater  to  Erie  City. 
Bemus  Dam  to  main  canal. 
Wisconiao  Creek  to  Duncan's 
Lancaster  and  Susquehanna. 
Mouth  of  Little  Schuylkill  to 

mines. 
Debiware  City  to  Back  Creek. 

Georgetown  to  Cumberland. 
Portsmouth  to  Cleveland. 
Main  canal  to  Columbus. 


8    Main  canal  to  Lancaster. 


Main  canal  to  ZanosviUe. 

Main  canal  to  Athens. 

Main  canal  to  Granville. 

Main  oanal  to  Coshocton. 

Cincinnati  to  Defiance. 
Main  canal  to  Lebanon. 

Bolivar  to  Liveri>ooL 
Main  canal  to  Canton. 

Acron  to  Pennsylvania  State  Uaa. 
Dresden  to  Marietta. 

Evansville  to  Toledo. 
Cincinnati  to  Cambridge  City. 
Chicago  to  La  Salle,  (partly  flalahed.) 
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D. — Statement  pf  canal  and  river  improvemmU,  ^-o. — ConUnned. 


Name  and  State. 


Sault  Ste.  Mario  Canal,  Mich 

Fox  and  Wisconsin  Biver  im- 
provement, Wis. 

Des  Moines  Biver  improvement, 
Iowa. 

Louisville  and  Portland  Canal.Ky . 

Kentucky  River  Navigation,  Ky. 

Licking  River  navigation,  Ky . . . 
Green  River  navigation,  Ky 


Barren  River  navigation,  Ky 
CanaH 
divisions.) 


Alexandria    C 


Va.,     (two 


James  River  and  Kanawha  GanaL 

Va, 
Appomattox  River  improvement, 

Dismal  Swamp  Canal,  Va 

Dismal    Swamp    Canal,     Lake 

Drummond  branch,  Va. 
Jericho  Canal,  Va 


Albemarle  and  Chesapeake  Canal, 

Va. 
Albemarle  and  Chesapeake  Canal, 

Weiclon  CanaL  N.  C 

Clubfoot  and  Harlow  Canal,  N.  C. 
Santee  River  improvement^  S.  C. . 


Winyaw  Canal,  S.C. 
Catawba  Canal,  S.  C 
Wateree  Canal,  S.  C. 
Saluda  Canal,  S.  C  . . 


Drehis  Canal,  S.  C 

Lorricks  Canal,  S.  C  . . 
Lookhart's  Canal,  S.  C 


Brunswick  Canal,  6a 


Ogeechee  Canal  (ra 

iLuscle  Shoals  Canal,  Ala , 


Huntsville  Canal,  Ala 

Orleans  Bank  Canal,  La. . . 
Barataria  navigation,  La. 

Carondelet  Canal,  La 

Lake  Veret  Canal,  La 


Total. 


•^1 

r 


MUet. 
1 


H 


7 

196 

57 

98i 
5 

9 

81 

5i 

IS 
U 
22 

4 
6 

U 
1 

ai 

12 

16 
36 

16 
4 

23 
2 

8 


^6 
•  to 


Mile: 

*289' 
175 


257 
231 
175 
100 


6U 


128 


63 


I 


Feet 
19 
362 

224 

22 
216 

310 

60 

notasce 
60 

672 

386 

33 
notasce 

notasce 

notasce 

not  asce 

100 
not  asce 
103 

not  asce 
not  asce 
notasoe 
36 

120 
not  asce 
notasce 

notasce 

not  asce 
96 

notajBce 
not  asce 
not  asco 
notasce 
notasce 


II 


4,710i  1,880 


22^104 


2 
45 

28 

4 

17 

21 

8 

rtalned. 
7 

84 

46 

5 
rtained. 

rtained. 

rtained. 

rtained. 

12 
rtained. 
13 

rtained. 
rtained. 
rtained. 
4 

15 
rtained. 
rtained. 

rtained. 

rtained. 
16 

rtained. 
rtained. 
rtained. 
rtained. 
rtained. 


2,567 


Extreme  points. 


Lake  Superior  to  Lake  Michigan. 
Green  Bay  to  Lake  Michigan. 

Keokuk  to  Des  Moines  City. 

LouisviUo  to  Portland. 

Mouth  of  Kentucky  River  to  branch 

of  North  Fork. 
Mouth  of  Licking  River  to  West 

Liberty. 
Mouth  of  Green  River  to  BowUng 

Green. 

Alexandria  to  Washington  Aque- 
duct. 
Richmond  to  Buchanan. 

Petersburg  to  Planterstown,  (partly 

finished.) 
Deep  €reek  to  Joyce's  Creek. 
Lake  Drummond  to  main  canal. 

Lake   Drummond    to  Nansemond 

branch,  main  canal. 
S.  W.  branch  of  Elizabeth  River  to 

North  Landing  River. 
Canyock  Bay  to  Noi-th  River. 

Roanoke  River  Improvemtot. 
Clubfoot  Creek  to  Warlow  Creek. 
Connecting     Charleston     Harbor, 

(partly  fiiished.) 
Winyaw  Bay  to  Kinlock  Creek. 
Several  short  canals. 
Jones's  MilU  to  EHicott's. 
Head  of  Saluda  Shoals  to  Granby 

Ferry. 
Round  Saluda  River  FaUs. 
Broad  River  above  Columbiit. 
Around  Lockhart's  Falls  in  Broad 

River. 
Brunswick  Harbor  to    Altamaha 

River. 
Savannah  to  Ogeechee  River. 
Around  Muscle  Shoals  of  Tennessee 

River. 
Huntsville  tb  Friance. 


New  Orleans  to  Bayou  St.  John. 
Lafourche  Bayou  to  Lake  Veret. 
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"E.^Statement  of  canal  and  river  improvmnenU  eontemplaUd  in  ike  United  Statee, 

Name  and  State. 

Length     of 
canaL 

Slack-water 
navigable. 

1 

Number   of 
locks. 

Extreme  pomta^ 

Nnlhegan  and  Clyde  Canal,  Vt. . . 
Black  River  and  Ives's  Brook,  Yt. 
Barton  and  Passnnsick  Canal,  Vt. 

Niagara  Ship  Canal,  N.  Y 

Extension   of   Chesapeake  and 
Ohio  Canal,  Md. 

3d  and  4th  division,  Ya. 
Extension   to   Ohio   River,   via 

Greenbrier  and  Kanawha  lUver, 

Va. 
Little  Kanawha  improvement,  Ya . 

MiUe. 
38 
53 
51 
15 
156^ 

81 

Miles. 

208 

108 
128 

Feet. 
624 
880 
928 
319^ 
2,583 

1,490 

1.158 

181 
notasce 
notasce 

336 

288 

434 

78 
110 
116 

36 
324 

123 

145 

22 
rtainod. 
rtained. 

42 

36 

54 

Fort  Grey  to  Old  Eort  SlnoiMr. 
Cumberland  and  Pittsbarg. 

Buchanan  to  Greenbrier  Bridge. 

Greenbrier  to  Point  Pleasant. 

To  Parkersburg. 

Santee  River  improvement,  S.  C. . 

Savannah  and  Altaniaha  Canal, 

Ga. 
Tippacanoe  and  St.  Joseph  Canal, 

Milwaukee  and  Rock  River  Canal, 

Wis. 
Florida  Canal.  Fla 

66 
120i 

53 
250 

Total 

884 

444 

9.221i 

1,086 

F. — Names  of  some  of  the  greatest  navigable  rivers  in  the  United  States. 

Length  in  miles. 

Missouri  Eiver  to  the  Great  Falls 3, 150 

Missouri  River  above  Great  Falls  to  the  Three  Forks 150 

Yellowstone  Eiver 800 

Osage  to  Osceola 200 

Kansas  River 100 

Big  Sioux  River 75 

Upper  Mississippi  River  to  St.  Paul 658 

St.  Anthony  to  Sauk  Rapids 80 

St.  Anthony  above  Little  Falls  to  Pokegina  Falls 250 

Minnesota  to  Paterson'a  Rapids 295 

St.  Croix  to  St.  Croix  Falls 60 

Illinois  to  La  Salle : 220 

Ohio  to  Pittsburg 975 

Alleghany  to  Condersport 290 

Wabash  to  Lafayette 335 

Salt  to  Shepherdsville 30 

Sandy  to  Louisa 25 

Tennessee  to  Muscle  Shoals 600 

Cumberiand  to  Burksville 370 

Red  River 1,200 

Washita  River 500 

Arkansas  River 1,500 

White  and  Bla<»k  Rivers 800 

St.  Francis  River 400 

Des  Moines  River 400 

Platte  River,  (both  forks^  North  Fork  to  mouth  of  Sweet  Water 

River,  South  Fork  to  Benver 1,060 

Black  Warrior  River 200 

Rio  Grande  to  mouth  of  Pecos  River 550 

Pecos  River 450 

The  descent  of  many  of  these  rivers  was  ascertained,  but  the  inforuia- 
tion  being  too  incomplete  it  was  omitted. 
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APPENDIX  X. 

Annual  report  of  the  survey  of  the  Northern  and  Northwestern  Lakes  for 
the  year  ending  June  30, 1869 ;  Brevet  Brigadier  General  TT.  F.  Ray- 
noldsy  United  States  Army^  lieutenant  colonel  of  engineers^  in  charge. 

Office  United  States  Lake  Stjetey, 

Detroit^  Michigan^  September  26,  1869. 

General  :  I  have  the  honor  to  submit  this,  my  annual  report  of  the 
operations  on  the  survey  of  the  Northern  and  Northwestern  Lakes,  for 
the  year  ending  June  30, 1869. 

During  the  season  of  1867  the  field  parties  were  engaged  in  the  survey 
of  Lake  Superior.  At  the  end  of  that  season  the  portions  of  the  lake 
unsurveyed  were  as  follows : 

1.  The  eastern  side  of  the  large  bay  south  of  Whitefish  Point. 

2.  All  that  part  of  Isle  Eoyale  lying  west  of  Rock  Harbor  on  the  south 
side  and  McCargoe's  Cove  on  the  north  side. 

3.  All  that  portion  of  the  west  end  of  the  lake  west  of  a  line  drawn 
from  Ontonagon  to  the  mouth  of  Pigeon  River,  (excepting  about  twenty- 
five  miles  from  the  head  of  the  lake  which  was  surveyed  in  1861.) 

This  last  named  field  included  the  entire  Apostle  Island  group,  and, 
as  the  three  districts  combined  were  a  larger  field  than  could  be  covered 
by  the  force  of  the  survey  in  a  single  season,  it  was  determined  to  oc- 
cupy only  the  most  favorable  months  for  work  in  Lake  Superior,  and 
then  transfer  the  parties  to  the  more  genial  climate  and  accessible  locality 
of  Lake  St.  Clair. 

On  the  Ist  of  July,  1868,  the  date  from  which  this  report  begins,  the 
following  parties  were  actively  engaged  in  the  field  operations  of  the 
sun^ey  in  Lake  Superior,  viz : 

The  steamer  Ada,  in  charge  of  Captain  F.  U.  Farquhar,  Corps  of  En- 
gineers, brevet  lieutenant  colonel  United  States  Army,  was  engaged 
making  a  hydrographical  survey  of  that  i)ortion  of  the  south  shore  of 
Lake  Superior  between  Eagle  River  and  the  Apostle  Islands,  and  of  the 
north  shore  of  the  same  lake  west  of  Isle  Royale.  Colonel  Farquhar's 
instructions  were,  to  follow  the  method  heretofore  adopted  and  make  a 
thorough  examination  of  the  portions  of  the  lake  specified,  from  the  limits 
of  the  w^ork  done  by  the  shore  parties,  as  far  outward  as  it  was  practi- 
cable to  have  the  position  of  the  steamer  accurately  located  by  theodo- 
lites on  shore. 

He  was  also  charged  with  the  duty  of  selecting  points  on  both  sides 
of  the  lake  for  the  primary  triangnlation,  and  directed  to  build  the 
requisite  stations  for  that  purpose.  This  latter  duty  involved  the  careful 
examination  of  the  heights  near  the  shore,  and,  as  they  are  all  covered 
by  a  deijse  forest,  the  amount  of  labor  required  was  far  greater  than 
would  have  been  the  case  in  a  settled  Fegion. 

The  reconnoissance  was  carried  so  far  as  to  leave  but  very  little  doubt 
that  a  system  of  triangles  can  be  obtained  that  will  cover  the  entire 
lake. 

The  off-shore  hydrography  of  the  northern  coast  of  the  lake  was  com- 
pleted, and  on  the  south  coast  the  work  was  carriied  as  far  west  as  the 
mouth  of  the  Montreal  River. 

First  Lieutenant  James  F.  Gregory,  Corps  of  Engineers,  with  the 
party  on  board  the  steamer  Search,  was  engaged  in  making  a  hydro- 
graphical  survey  around  Isle  Royale,  including  the  channel  between  the 
north  shore  and  that  island,  as  well  as  the  small  islands  and  distant  dan- 
gerous shoals  lying  to  the  northeast  of  the  same. 
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LienteDant  Gregory  was  also  charged  with  a  general  sapervisioii  of 
the  topographical  and  fa  jdrographical  parties  on  Isle  Boyale^  with  in- 
structions to  keep  them  supplied  with  provisions^  move  their  camps 
when  required,  carry  their  mails,  &c. 

The  work  done  by  this  party  was  as  follows : 

Number  of  primary  triangnlation  stations  built 1 

Number  of  sounding  stations  built 15 

Number  of  sextant  angles  read 659 

Number  of  theodolite  pointings 1,  914 

Number  of  theodolite  readings 3, 763 

Number  of  lines  sounded  with  steamer 108 

Number  of  miles  sounded  with  steamer 1^  358 

Number  of  cast  of  lead  from  steamer 802 

Number  of  square  miles  of  off-shore  hydrography 1, 034 

Number  of  observations  for  local  time o 

Number  of  compass  reMings.  -  - S6 

Number  of  buoys  put  out  for  shore  parties 9 

Number  of  shore  parties  moved 6 

Number  of  angles  measured  for  triangnlation 7 

Number  of  miles  run  by  steamer  on  general  duty 3, 053 

First  Lieutenant  Beiy.  D.  Greene  and  First  Lieutenant  John  G.  M^- 
lery,  Corps  of  Engineers,  were^in  charge  of  topographical  and  hydro* 
graphical  parties  stationed  on 'isle  Royale,  the  former  on  the  southern 
and  the  latter  on  the  northern  side,  with  instructions  to  make  a  minnte 
survey  of  their  respective  portions  of  the  island,  continuing  their  surveys 
until  their  work  met  and  the  survey  of  the  island  was  completed.  This 
island,  though  less  than  fifty  miles  in  length,  contains  numerous  inden- 
tations, bays,  &c.,  and  there  are  so  many  small  detached  islands  adjacent 
to  it  that  the  survey  was  intricate  and  difficult  and  involved  the  survey 
of  a  shore  line  which,  developed,  is  over  three  hundred  miles  in  lengtlL 
The  water  on  all  sides  is  of  great  depth  and  the  bottom  very  irregular, 
the  soundings  frequently  changing  from  many  fathoms  to  a  few  feet  be- 
tween consecutive  casts  of  the  lead,  which  involved  a  very  minute  hy- 
drographical  examination  in  every  part. 

It  is  believed  that  the  survey  will  prove  of  essential  benefit  to  navi- 
gation, as  dangers,  before  unknown,  were  discovered  and  numerous  har- 
bors and  anchoring  grounds,  which  have  never  been  used,  were  shown 
to  exist. 

I  therefore  propose  to  have  a  chart  made  of  the  district  on  a  scale  that 
will  show  clearly  all  the  features  of  the  locality. 
'  The  work  done  by  the  above  parties  on  MeEoyale  was  as  follows : 

LIEUTENANT  aBEBNE^S  PAETY. 

Number  of  triangnlation  stations  built 33 

Number  of  sounding  stations  built : 238 

Number  of  topographical  stations  built 39 

Number  of  buoys  placed  and  located 130 

Number  of  theodolite  pointings 4,086 

Number  of  theodolite  readings 6, 823 

Number  of  lines  sounded 967 

Number  of  miles  sounded 616 

Number  of  casts  of  the  lead 17, 784 

Number  of  square  miles  of  hydrography 46 

Number  of  miles  shore-line  run 84 
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Kumber  of  triangles  measured 66 

Number  of  compass  bearings 40 

Number  of  sextant  angles 29 

LIEUTENANT  MATXEBY^S  PABTY. 

Number  of  stations  built 268 

Number  of  sounding  stations  built 215 

Number  of  buoys  placed  and  located 179 

Number  of  theodolite  pointings 4, 843 

Number  of  theodolite  readings 9, 500 

Number  of  lines  sounded 1, 227 

Nunlber  of  casts  of  the  lead 12, 928 

Number  of  miles  sounded 545 

Number  of  square  miles  of  hydrography 30 

Number  of  miles  stadia  run 40 

Number  of  miles  shore-line  run 80 

Second  Lieutenant  Joseph  E.  Griffith,  Corps  of  Engineers,  aided  by 
Assistant  Henry  Gillman,  was  in  charge  of  topographical  and  hydrogra- 
phical  party  on  the  south  shore  of  Lake  Superior  charged  with  the  duty 
of  continuing  the  survey  westward  from  near  Ontonagon,  Michigan,  as 
far  as  possible.  During  the  season's  operations  it  was  found  necessary 
to  transfer  this  party  to  the  north  side  of  the  lake  in  order  to  secure  the 
completion  of  the  survey  of  that  region. 

The  transfer  was  made  after  Lieutenant  Griffith  bad  been  granted  a 
leave  of  absence  on  account  of  his  health,  the  party  being  left  in  charge 
of  Assistant  Gillman. 

On  the  south  shore  the  survey  was  carried  as  far  as  a  point  about 
four  miles  west  of  the  mouth  of  Montreal  River,  (the  dividing  line  between 
the  States  of  Michigan  and  Wisconsin,)  and  on  the  north  shore  a  survey 
of  nineteen  miles  was  made,  which,  with  the  surveys  of  Lieutenant  Rogers 
and  Assistant  Mayers,  completed  the  survey  of  the  entire  north  shore  of 
the  lake  from  the  mouth  of  Pigeon  River,  the  boundary  between  the 
United  States  and  the  British  possessions,  and  the  head  of  the  lake. 

The  total  amount  of  work  done  by  this  party  for  the  season  was  as 
follows: 

Number  of  stations  built 128 

Number  of  buoys  placed  and  located 115 

Number  of  lines  of  soundings 679 

Number  of  casts  of  the  lead 20, 525 

Number  of  buoys  made 39 

Number  of  theodolite  pointings 3, 499 

Number  of  theodolite  readings 5, 278 

Number  of  miles  stadia  run 9J 

Number  of  compass  readings 54 

Number  of  miles  shore- line  run  and  sketched 78 

Number  of  miles  topography  run  and  sketched \ 14 

Number  of  observations  on  Polaris 4 

Second  Lieutenant  W.  E.  Rogers,  Corps  of  Engineers,  aided  by  Assist- 
tant  Albert  Molitor,  was  in  chargjB  of  a  topographical  and  hydrographical 
party  on  the  north  shore  of  Lake  Superior  working  from  the  mouth  of 
Pigeon  Riveivwestward.  Lieutenant  Rogers's  field  covered  that  portion 
of  Lake  Superior  where  the  national  boundary  leaves  the  lake  and  passes 
up  Pigeon  River  toward  the  49th  parallel.    He  extended  his  survey 
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seyeral  miles  into  the  British  possessions  north  of  the  line,  and  thai 
continued  to  the  southwest  along  the  lake  shore  through  an  exceedingly 
rough  and  inhospitable  region,  tor  the  most  part  presenting  a  bold  rocky 
shore  almost  destitute  of  inhabitants,  until  his  work  closed  with  that  of 
the  party  of  Lieutenant  Griffith,  whicn,  as  has  been  said,  was  transferred 
from  the  south  shore  to  that  locality. 
The  work  done  by  this  party  was  as  follows : 

Number  of  stations  built 368 

Number  of  buoys  placed  and  located 170 

Number  of  casts  of  the  lead 13, 491 

Number  of  pointings  of  theodolites 3, 687 

Number  of  readings  of  theodolites 5, 829 

Number  of  readings  of  vertical  angles 367 

Number  of  readings  of  sextant  angles 219 

Number  of  base  lines  measured 4 

Number  of  observations  on  Polaris 1 

Number  of  miles  measured  by  stadia 47 

Number  of  miles  shore-line  run 89 

Number  of  lines  of  soundings 690 

Number  of  miles  of  soundings 624 

Assistants  J.  E.  Mayer  and  J.  P.  Mayer  were  in  charge  of  a  shore  party 
on  the  north  shore  of  Lake  Superior,  commenciag  at  the  most  eastern 
point  reached  by  the  survey  in  1861,  and  working  to  the  eastward. 

The  whole  survey  of  this  portion  of  the  lake,  extending  from  near 
Duluth  to  opposite  the  western  end  of  Isle  Boyale,  was  attended  with 
privations  and  difficulties  not  met  with  in  more  favored  localities ;  the 
almost  entire  want  of  communication,  the  absence  of  harbors,  and  to  a 
great  extent  of  even  boat  landings,  the  rough  mountainous  country 
covered  by  a  dense  forest,  all  combined  to  render  the  operations  of  the 
survey  not  only  difficult,  but  dangerous,  and  I  cannot  but  rejoice  that 
the  work  has  been  iinished  successfully  without  an  accident 

I  do  not  think  that  as  difficult  and  dangerous  a  coast  line  will  be  found 
on  the  entire  chain  of  lakes. 

The  amount  of  work  done  by  this  party  was  as  follows: 

Number  of  secondary  triangulation  stations  built 14 

Number  of  sounding  stations  built 383 

Number  of  buoys  placed  and  located 208 

Number  of  theodolite  pointings 4, 859 

Number  of  theodolite  readings 5, 704 

Number  of  miles  soundings  run '  728 

Number  of  lines  sounded 1, 306 

Number  of  casts  of  the  lead 18, 277 

Number  of  square  nules  of  hydrography 67 

Number  of  miles  shore  line  run 116 

Number  of  mUes  run  with  stadia  for  topography 58 

Number  of  sqq^re  miles  of  topography  sketched 138 

Number  of  miles  lines  of  sight  cut ...  3J 

Number  of  meridian  lines  determined 4 

Number  of  base  lines  measured 2 

Assistant  O.  N.  Chaflfee,  aided  by  Assistant  A.  F.  Chaffee,  was  in  charge 
of  a  party  on  board  the  steamer  Surveyor,  with  instructions  to  commence 
work  on  the  left  bank  of  the  St.  Mary's  River  at  the  point  above  the  falls 
where  previous  surveys  ended,  and  work  to  the  northward,  passing  the 
numerous  bays  and  headlands  above  the  head  of  that  stream,  and  going 
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as  far  into  the  open  lake  as  practicable,  and  at  the  same  time  to  com- 
plete the  triaDgulation  of  the  large  bay  south  and  west  of  White-fish 
Point. 

This  party  completed  the  survey  in  this  point  of  the  lake,  having  car- 
ried their  work  into  British  territory  as  far  as  the  Mamaisue,  a  promi- 
nent headland  about  twenty  miles  northeast  of  White-fish  Point. 

The  amount  of  work  done  was  as  follows: 

Number  of  stations  for  triangulation  built 21 

Number  of  theodolite  pointings 3, 145 

Number  of  theodolite  readings 8, 310 

Number  of  miles  shore-line  run 14 

Number  of  angles  measured 59 

Number  of  miles  of  shore-line  run  with  stadia 91 

Number  of  lines  of  soundings  run  with  steamer 88 

Number  of  miles  of  lines  run  with  steamer 354 

Number  of  casts  of  the  lead  firom  steamer 1, 349 

Number  of  sextant  angles 168 

Number  of  readings  of  compass 133 

Number  of  lines  of  soundings  run  with  small  boats 30 

Number  of  casts  of  the  lead  from  small  boats 633 

Number  of  miles  run  by  steamer  on  general  duty 1, 885 

LAKE  ST.  CLAIR. 

On  the  8th  of  September,  all  the  parties  in  Lake  Superior,  with  the 
exception  of  that  under  Assistant  O.  N.  Chaflee,  having  returned  to  this 
city,  they  were  reorganized  for  the  purpose  of  continuing  the  survey  of 
Lake  St.  Clair. 

The  following  were  the  assignments  made: 

Brevet  Lieutenant  F.  XJ.  Farquhar,  in  charge  of  the  party  on  board  the 
steamer  Ada,  was  directed  to  make  a  survey  of  the  delta,  commencing 
at  Point  au  Trembles  and  extending  from  thence  to  the  southward  and 
eastward  as  far  as  practicable. 

Lieutenants  Mally  and  Eogers,  and  Assistant  Lamson  and  E.  S. 
Wlieeler  were  assigned  to  this  party. 

Colonel  Farquhar  was  directed  to  make  a  minute  surv^ey  of  the  old 
dredged  channel,  as  well^as  of  the  locality  of  the  new  channel  now  being 
cut  through  the  ilats. 

The  party  remained  in  the  field  until  the  24th  of  October,  having 
nearly  completed  the  survey  of  the  delta. 

First  Lieutenant  James  F.  Gregory  was  assigned  to  the  charge  of 
the  party  on  board  tlie  steamer  Search,  and  directed  to  make  a  minute 
topographical  and  hydrographical  survey  of  the  east  shore  of  the  lake, 
commencing  at  the  liead^of  the  Detroit  River.  He  was  aided  by  Lieu- 
tenants Griffith  and  Haupt,  and  Assistant  Marr.  The  party  closed  their 
field  operations  on  the  31st  of  October,  having  done  the  following  work: 

Number  of  primary  triangulation  stations  built 2 

Number  of  sounding  stations 25 

Number  of  theodolite  pointings 1, 064 

Number  of  theodolite  readings 1, 648 

Number  of  square  miles  of  off-shore  hydrography 4 

Number  of  compass  readings , 13 

Number  of  buoys  placed  out  and  located 39 

Number  of  base  lines  measured 1 
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Number  of 'miles  shore-line  run 7J 

Number  of  lines  sounded  by  small  boats 103 

Number  of  casts  of  lead  from  small  boats 3,322 

Number  of  square  mile«  of  topography 8J 

Assistant  J.  E.  Mayer  and  J.  Paul  Mayer  were  directed  to  commence 
work  at  Point  au  Trembles  and  continue  to  the  south  and  west  until 
their  work  met  that  of  Assistant  Molitor. 

Assistant  Albert  Molitor,  aided  by  A^ssistant  F.  M.  To  war,  was  directed 
to  begin  surveying  at  the  head  of  the  Detroit  Eiver  and  work  to  the 
north  and  west,  until  he  closes  with  the  work  of  Assistant  Mayer. 

The  above  named  parties  completed  the  duty  assigned  them  on  the 
17th  of  October,  when  they  were  conveyed  to  this  city  and  the  employ& 
paid  off  and  discharged. 

Tlie  field-work  of  these  parties  in  Lake  St.  Clair  was  as  follows: 

ASSISTANT  MAYEE'S  PAETY. 

Number  of  secondary  triangulation  and  sounding  stations  built  57 

Number  of  buoys  placed  and  located 37 

Number  of  theodolite  pointings 1, 318 

Number  of  theodolite  readings 1, 492 

Number  of  miles  of  soundings  run 282 

Number  of  lines  sounded 223 

Number  of  casts  of  the  lead 8, 640 

Number  of  square  miles  of  hydrography 34 

Number  of  miles  of  shore-line  run ; .  28J 

Number  of  miles  run  with  stadia 5Si 

Number  of  square  miles  of  topography 38 

Number  of  base  lines  measured 2 

Number  of  meridian  lines  determined 1 

ASSISTANT  MOLITOR^S  PARTY. 

Number  of  secondary  triangulation  and  sounding  stations  built  1^1 

Number  of  buoys  placed  and  located 86 

Number  of  lines  of  soundings  run 421 

Number  of  miles  of  soundings  run 142 

Number  of  casts  of  the  lead 22, 393 

Number  of  theodolite  pointings 1,314 

Number  of  theodolite  readings I,d85 

Number  of  sextant  angles : 33 

Number  of  vertical  angles 26 

Number  of  miles  measured  with  chain 54 

Number  of  miles  shore-line  run 21 

Number  of  miles  measured  by  st.adia 15 

Number  of  compass  readings IW 

Number  of  square  miles  of  hydrography 23 

Number  of  square  miles  of  topography 19 

Number  of  observations  on  Polaris 4 

Number  of  camps  established 2 

First  Lieutenant  E.  H.  Euffner,  Corps  of  Engineers,  and  Assistant  0. 
B.  Wheeler  and  G.  Y.  Wisner,  were  in  charge  of  astronomical  parties 
organized  for  the  purpose  of  continuing  the  astronomical  obsecvatioiifi 
in  Lake  Superior^nd  at  the  same  time  to  read  the  angles  of  the  primary 
triangulation.     When  these  parties  were  organized,  it  was  supposed  that 
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three  20-inch  theodolites  which  had  been  ordered  for  the  survey  from 
the  manufactory  of  Messrs.  Oerth'eig  &  Sods,  of  Berlin,  Prussia,  any 
which  the  makers  had  promised  to  have  finished  by  the  first  of  ^pril, 
would  arrive  in  time  for  use  during  the  season. 

Three  years  had  been  consumed  since  the  correspondence  in  regard 
to  them  commenced.  Careful  drawings  had  been  prepared,  and  the 
promise  of  the  manufacturers  that  they  should  be  ready  was  relied 
upon,  though  no  definite  information  as  to  the  progress  of  their  construc- 
tion could  be  obtained.  This  state  of  affairs  continued  until  the  23d  of 
May,  1868,  when  I  recommended  that  the  parties  should  be  assigned  to 
the  duty  of  determining  the  latitude  and  difference  of  longitude  of  the 
chain  of  the  lower  lakes  between  Ogdensburg  and  Detroit. 

My  recommendation  having  been  approved  by  the  department,  they 
were  engaged  on  that  duty  during  the  season. 

The  i)oints  occupied  were  as  follows :  Ogdensburg,  Kew  York ;  Water- 
town,  New  York;  Oswego,  New  York;  Eochester,  New  York;  Buffalo, 
New  York;  Dunkirk,  New  York ;  Erie,  Pennsylvania;  Ashtabula,  Ohio; 
Cleveland,  Ohio;  Sandusky,  Ohio;  Toledo,  Ohio;  Monroe,  Michigan; 
Detroit,  Michigan. 

The  computations  rendered  necessary  by  so  extended  a  series  of  obser- 
vations could  not  be  completed  in  season  for  this  report.  The  results 
will  be  given  as  soon  as  they  can  be  obtained. 

The  computations  are  not  in  progress  at  this  time,  as  the  parties  are 
now  engaged  in  the  field. 

LOCAL  SURVEYS. 

Sl>ecial  instructions  from  the  Engineer  Department  were  received  during 
the  season  calling  for  minute  local  surveys  of  the  dredged  channel  at 
St.  Clair  Flats,  the  dredged  channel  in  Lake  Geoige,  St.  Mary's  River, 
and  I  was  also  directed  to  turn  over  a  party  to  General  Cram  for  the 
purpose  of  making  a  survey,  under  his  immediate  orders,  of  the  channel 
at  the  Neebish  Ea(^ids,  St.  Mary's  River. 

A  request  was  also  received  from  General  T.  J.  Cram,  engineer  in 
charge  of  harbor  works,  for  a  local  survey  at  Rains  Island,  St.  Mary's 
River. 

The  dredged  channel  at  St.  Clair  Flats  being  within  the  district  assigned 
to  Lieutenant  Colonel  Farquhar,  under  date  of  September  8,  the  survey 
of  that  point  was  included  in  the  work  of  the  party  on  the  steamer  Ada, 
and  a  map  of  this  locality  was  forwarded  to  the  Engineer  Department  on 
October  23, 1868. 

The  survey  of  the  channel  in  Lake  George  was  assigned  to  the  party 
under  Assistant  O.  N.  Chaffee,  and  the  work  was  done  after  the  comple- 
tion of  his  duties  near  White-fish  Point. 

A  map  showing  the  condition  of  the  work,  and  also  the  changes  that 
have  taken  place,  was  furnished  General  Cram  on  January  23, 1869. 

The  Rui-vey  of  the  Neebish  Rapids  was  made  by  Lieutenants  B.  D. 
Greene  and  L.  M.  Haupt,  they  having  been  directed  to  report  with  the 
party  under  their  charge  to  General  Gram  for  that  purpose. 

As  this  survey  was  made  under  the  immediate  orders  of  General 
Cram^  it  is  my  province  only  to  report  the  fact  that  the  party  was  tem- 
porarily trasferred  for  the  purpose  of  making  it. 

The  survey  at  Rains  Island  was  made  by  Assistant  O.  N.  Chaffee  after 
completing  his  work  on  Lake  George. 

A  copy  of  the  map  was  furnished  General  Cram  when  completed. 
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GAUGING  THE  OUTFLOW  OF  THE  LAKES. 

Assistant  D.  Farrand  Henry  was  in  charge  of  the  parties  engaged  in 
deteritiiuing  the  outflow  of  the  several  rivers  forming  the  connecting 
links  in  the  great  chain  of  the  north  and  northwest  lakes. 

The  parties  were  as  follows:  Assistant  David  Wallace,  on  the  St. 
Clair  Eiver;  Assistant  Lewis  Foote,  on  ttie  Niagara  Eiverj  Assistant 
A.  K.  Flint,  on  the  St  Lawrence  River. 

Assistant  Henry  has  applied  the  magnetic  telegraph  for  transmitting 
signals  between  the  ends  of  his  base  line  when  using  floats  for  det^- 
mining  the  velocity  of  the  cnrrent,  and  also  for  the  purpose  of  recording 
the  revolutions  of  the  current  meter  when  the  meter  was  used.  His  nse 
of  this  agent  possesses  the  merit  of  great  simplicity;  is  believed  to  be 
entirely  new,  and  to  produce  results  unattained  by  the  methods  pre- 
viously used. 

Assistant  Henry's  report,  herewith  attached,  marked  Appendix  A, 
explains  in  full  the  methods  he  employs,  and  ike  results  as  far  as 
attained. 

He  is  continuing  his  observations  during  the  present  season. 

OFFICE  WOEK. 

The  usual  oflftce  duties  have  been  carried  on  during  the  entire  year. 

Assistant  J.  U.  Mueller  has  been  engaged  making  a  reduction  of  the 
middle  portion  of  Lake  Superior,  from  Grand  Island  Harbor  to  Ontonagon, 
and  extending  ^^cross  the  lake  so  as  to  include  Isle  Royale  and  the  north 
shore.  The  map  is  being  drawn  on  a  scale  of  jooVoo?  ^^  *^^  best  man- 
ner, and  is  intended  to  be  the  second  of  a  series  of  three  sheets  on  the 
same  scale,  which  together  will  cover  the  entire  lake. 

Mr.  Mueller  has  also  made  considerable  progress  on  Sheet  No.  1  of  the 
above  series,  being  a  chart  of  the  eastern  portion  of  Lake  Superior,  from 
the  falls  of  St.  Mary's  River  westward  to  Grand  Island  Harbor.  Work 
on  this  last  named  chart  is  for  the  present  suspended,  until  the  primary 
triangulation  in  this  portion  of  the  lake  (which  has  Been  delayed  owing 
to  the  non-arrival  of  instruments)  can  be  completed. 

Assistant  Edward  Molitor  has  completed  an  engraving  on  stone  of  a 
preliminary  chart  of  the  ea«t  end  of  Lake  Superior,  from  Sault  Ste.  Mar^ 
to  Grand  Island.  This  chart,  like  the  one  of  the  middle  portion  of  the 
lake,  issued  last  year,  is  only  intended  to  meet  the  want-s  of  eonuneree 
until  the  finished  and  more  perfect  charts  of  the  same  region  can  be 
drawn  and  engraved. 

The  demand  for  them  botli  has  been  ample  testimony  to  the  wisdom 
of  the  policy  of  giving  the  results  of  the  survey  to  the  public  as  soon  as 
practicable  after  they  are  obtained. 

Mr.  Molitor  has  also  been  engaged  in  the  final  reduction  and  projec- 
tion of  a  map,  on  a  scale  of  jYtAriro?  ^^  I®^®  Royale,  and  a  portion  of  the 
north  shore  of  Lake  Superior. 

Assistant  O.  N.  Chaffee  was  employed  during  the  winter,  reducing 
for  the  engraver  the  detailed  charts  of  the  survey  of  Huron  Bay  and 
Huron  Islands.  The  reduction  was  made  on  a  scale  of  ^o^^>  ^^^  t^® 
chart  when  published  will  enable  vessels  to  seek  shelter  in  this  fine  har- 
bor, of  which  at  present  the  lake  pilots  have  little  or  no  knowledge. 

Lieutenant  L.  M.  Haupt  was  engaged  making  a  general  map  of  thci 
entire  chain  of  lakes,  on  a  scale  of  x^^yj^ir,  and  had  made  good  progress 
np  to  the  1st  of  February,  1869,  when  he  was  relieved  from  dutj"  on  the 
lake  survey  and  ordered  to  Texas,  and,  in  consequence,  further  work  on 
the  map  had  to  be  suspended. 
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METEOROLOGICAL  DEPARTMENT. 

The  meteorological  observations  at  the  twelve  lake  survey  stations 
have  been  coutinued  throughout  the  year,  and  the  reductions  and  com- 
putations incident  thereto  have  been  made  in  the  office  under  the 
immediate  sui>ervi8ion  of  Assistant  D.  Farrand  Henry.  In  order  to 
reduce  the  volume  of  this  report,  only  the  means,  &c.,  are  herewith  pre- 
sented. Tlie  reduced  detailed  observations  are  retained  in  this  office,  and 
can  be  referred  to  or  produced  at  any  time. 

CHART  DISTRIBUTION. 

The  distribution  of  the  lake  survey  charts  has  been  continued  both 
at  this  office  and  at  Buffalo  throughout  the  year.  A  table  is  given 
showing  the  number  of  each  ki^d  disposed  of  during  the  year,  and  also 
a  tabular  statement  of  the  number  for  the  different  years,  since  the  dis- 
tribution commenced.  A  glance  at  these  tables  will  show  the  growing 
demand  for  the  information  furnished  by  the  survey. 

SURVEY  OP  THE  MOUTH  OP  MAUMEE  BAY. 

Just  previous  to  starting  to  the  field  at  the  commencement  of  the 
present  season's  operations,  and  while  the  steam^r  Search  was  waiting 
the  arrival  of  the  long-expected  instruments  from  Europe,  which  were 
then  known  to  be  in  the  country,  I  received  an  order  from  the  Engineer 
Department  to  have  an  examination  made  of  the  channel  into  Maumee 
Bay.  As  the  party  was  organized,  no  preparations  were  required  but 
to  get  up  steam^  The  steamer  left  at  once,  (May  26,)  Lieutenant  Jas, 
F.  Gregory  in  charge.  The  duty  occupied  ten  days'  time,  the  party 
returning  to  this  city  on  the  5th  of  June.  One  of  the  assistants  was  left 
in  the  office  to  plot  the  work,  which  was  done,  and  the  map  forwarded 
to  the  bureau,  and  a  copy  of  the  same  to  Major  McFarland,  on  the  17th 
of  June,  1869. 

INPORMATION  FURNISHED. 

In  addition  to  the  maps  of  the  channel  in  Lake  George,  the  Neebish 
Bapids,  Eain's  Island,  and  the  dredged  channel  at  the  St.  Clair  Flats, 
already  mentioned  as  having  been  prepared  and  furnished,  copies  of 
the  following  manuscript  maps  were  furnished  from  this  office  by  special 
orders  from  the  Engineer  Department,  or  on  application  of  the  parties 
to  whom  furnished,  viz: 

Map  of  the  harbor  of  Cleveland,  Ohio;  map  of  the  harbor  of  Grand 
River,  Ohio;  map  of  the  harbor  of  Ashtabula,  Ohio;  map  of  the  harbor 
of  Conneaut,  Ohio;  map  of  the  harbor  of  Black  River,  Ohio;  map  of  the 
harbor  of  Sandusky,  Ohio,  furnished  Major  McFarland,  Corps  of  Engi- 
neers. Map  of  portion  of  Lake  Superior  off  the  portage,  furnished  J.  H. 
Forster,  Esq.,  State  engineer. 
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Beturn  ofcharta  iasued  at  Detraii  and  Buffalo  from  Jtt^f  1, 1808,  to  «/afit«  30, 1989. 
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Table  showing  the  annual  issue  prior  to  July  1, 1869. 


Prior  to  Octol)or  1, 1957 3,500 

October  1.  1857.  to  October  1, 1858 1, 675 

October  1, 1858,  to  October  1, 1850 3, 600 

October  1, 1859,  to  October  1,1860 4,890 

Ootoberl,1860,  to  October  1,1861 3,354 

Octoberl,  1661,  to  October  1,1862 5,245 

October  1, 1862,  to  October  1, 1863 4, 084 

October  1. 1863,  to  October  1, 1864 3,883 


October  1, 1864,  to  October  1, 1865 3Sa 

October  1, 1865,  to  October  1,  1866 1081 

Jnly  1, 1866,  to  July  1, 1867 5^4M 

July  1, 1867,  to  July  1, 1868 «.» 

Jnly  1,1868,  to  Jnly  1,1869 5^61 

Total  to  July  1,1669 49,654 


SEASON  OF  1869. 

As  the  season  approached  for  resuming  field  operations,  I  found  my- 
self greatly  embarrassed  by  the  large  dimination  &at  had  occurred  in  the 
available  force  of  the  survey. 

Brevet  Lieutenant  Colonel  Parquhar  was,  in  the  month  of  November, 
relieved  from  my  command  and  assigned  to  the  charge  of  constructions 
of  harbors  on  the  east  side  of  Lake  Michigan. 

Second  Lieutenant  Louis  M.  Haupt  was  relieved  in  Jannary,  and 
ordered  to  Texaa. 

First  Lieutenant  B.  D.  Greene,  and  Second  Lieutenant  Joseph  £. 
Griffith,  were  both  relieved  in  April. 

Second  Lieutenant  Wm.  E.  Eogers  was  assigned  to  the  charge  of  the 
recruiting  depot  in  this  city,  and  thus  rendered  unavailable  for  the  field. 

Assistants  O.  K.  Chaffee,  Henry  Gillman.  and  Albert  Molitor,  sdl  ten- 
dered their  resignations  before  going  into  tne  field. 


REPORT  OF  CHIEF  OF  ENGINEERS.  559 

Thus  I  was  at  once,  as  it  were,  deprived  of  the  services  of  eight  of  my 
most  experienced  assistants. 

It  has  always  been  my  aim  to  so  organize  each  party,  that  in  case  its 
chief  should  be  removed  or  become  incapable  of  attending  to  his  labors, 
the  duties  of  the  survey  would  not  be  suspended  or  materially  retarded; 
that  is,  to  have  two  persons  in  each  party  capable  of  conducting  the 
work  assigned  to  it.  The  distant  and  inaccessible  localities  in  which 
the  survey  has  been  carried  on  caused  the  adoption  of  this  rule,  and 
numerous  instances  have  occurred,  by  an  officer  being  relieved  while  in 
the  field  or  before  the  work  of  his  party  was  computed  and  projected,  or 
by  sickness  or  otherwise,  when  the  necessity  of  the  rule  has  been  made 
apparent. 

I  found,  however,  that  it  would  be  impossible  to  effect  such  an  organi- 
zation for  the  present  season.  I  know  of  no  school  other  than  the  survey, 
where  the  experience  requisite  to  take  charge  of  a  party  can  be  obtained. 
I  was  therefore  obliged  to  organize  with  the  force  at  my  command,  and 
it  was  only  because  the  funds  available  for  the  present  year  were  less 
than  two-thirds  the  amount  applicable  to  last  year's  work,  and  conse- 
quently the  operations  were  to  be  on  a  greatly  reduced  scale,  that  I  was 
able  to  efiect  an  organization  in  the  least  satisfactory. 

Instead  of  three  steamers,  five  shore  parties,  three  astronomical  par- 
ties, and  three  river  parties  in  the  field,  the  force  this  year  is  reduced 
to  two  steamers,  two  shore  parties,  six  astronomical  parties,  and  two 
river  parties.  The  increase  in  the  number  of  astronomical  parties  was 
rendered  necessary  to  compensate  for  the  loss  of  last  season's  work,  due 
to  the  want  of  instruments. 

The  remarkably  unfavorable  spring  caused  a  late  departure  for  the 
field.    Tlie  parties  left  this  city  as  follows: 

The  steamer  Ada,  First  Lieutenant  J.  O.  Mallery,  Corps  of  Engineers, 
in  charge,  having  on  board  the  topographical  and  hydrographical  parties, 
under  charge  of  Assistants  J.  B.  Mayer  and  A.  G.  Lamson,  sailed  on  the 
26th  of  May,  1869. 

The  river  gauging  party,  under  charge  of  Assistant  Lewis  Poote,  left 
for  Youngstown,  Few  York,  on  June  3, 1869. 

The  river  gauging  party,  under  charge  of  Assistant  D.  P.  Henry,  left 
for  St.  Clair,  Michigan,  on  June  5, 1869. 

The  steamer  Search,  Pirst  Lieutenant  James  P.  Gregory,  Corps  of 
Engineers,  in  charge,  having  on  board  the  astronomical  and  triangula- 
tion  parties,  under  charge  of  Assistants  O.  B.  Wheeler,  G.  Y.  Wisner, 
G.  A.  Marr,  and  A.  E.  Plint,  sailed  on  the  6th  of  June,  1869. 

The  astronomical  and  triangulation  parties,  under  charge  of  Pirst 
Lieutenant  E.  H.  Bufiner,  Corps  of  Engineers,  and  Assistant  E.  S. 
Wheeler,  left  this  city  on  June  8, 1869. 

Their  respective  fields  of  operations  are  as  follows: 

Pirst  Lieutenant  James  P.  Gregory,  Corps  of  Engineers,  was  assigned 
to  the  command  of  the  party  on  board  of  the  steamer  Search^  for  general 
off-shore  duty,  and  to  move  and  supply  the  primary  triangulatipn  and 
astronomical  parties,  and  also  to  exercise  general  supervision  over  the 
parties  in  the  field. 

Pirst  Lieutenant  E.  H.  Eiiffner,  Corps  of  Engineers,  was  assigned  to 
the  command  of  the  three  primary  triangulation  and  astronomical  par- 
ties in  the  western  part  of  the  lake,  having  himself  the  immediate 
charge  of  one  division,  and  Assistants  G.  Y.  Wisner  and  E,  S.  Wheeler 
to  take  charge  of  the  other  two  sections. 

Pirst  Lieutenant  J.  C.  Mallery,  Corps  of  Engineers,  was  assigned  to 
the  command  of  the  party  on  board  the  steamer  Ada,  for  off-shore  duty 
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near  and  around  the  Apostle  Islands,  and  also  to  survey  the  outer 
islands  of  the  group  connecting  with  the  work  of  the  shore  parties. 

Assistant  J.  E.  Mayer  was  assigned  to  the  command  of  a  shore  party, 
commencing  work  at  the  most  eastern  point  reached  by  the  survey  of 
the  ^^head  of  the  lake"  in  1861,  and  continue  east  to  meet  ARsistant 
L£unson,  making  also  a  survey  of  the  western  Apostle  Islands. 

Assistant  A.  C.  Lamson  was  assigned  to  the  command  of  a  shoie 
party,  to  commence  work  at  the  most  western  point  reached  by  Liea> 
tenant  Griffith's  party  in  1868,  and  to  continue  west  to  meet  Assistant 
Mayer,  making  also  a  survey  of  the  eastern  Apostle  Islands. 

Assistant  D.  F.  Henry  was  assigned  tb  the  command  of  the  parties 
to  continue  the  gauging  of  the  rivers. 

Assistant  O.  B.  Wheeler  was  assigned  to  the  charge  of  the  three 
divisions  of  the  astronomical  and  primary  triaugulation  parties  iu  the 
eastern  portion  of  the  lake,  having  for  chiefs  of  divisions  Assistants  A. 
B.  Flint  and  G.  A.  Marr. 

On  the  5th  of  June,  1869,  Brevet  Major  Jared  A.  Smith,  United 
States  Army,  captain  Corps  of  Engineers,  reported  for  duty  as  my 
senior  assistant.  He  was  at  once  sent  into  the  field  as  the  immediate 
chief  of  the  party  on  board  the  steamer  Ada,  and  given  a  general  super- 
vision of  all  field  operations,  with  instructions  to  issue  such  orders  id 
my  absence  as  he  might  find  requisite  to  insure  uniformity  in  the  work 
and  the  faithful  performance  of  the  duties  of  the  survey. 

At  the  date  at  which  this  report  commences  all  the  parties  were  at 
their  posts,  and  busily  engaged  iu  tiie  discharge  of  their  respective 
duties. 

I  may  add  that  I  visited  the  parties  myself  in  July  and  also  in  Angnst 
They  were  only  making  tolerable  progress,  the  season  having  been  by 
far  the  worst  for  field  operations  ever  known  in  the  history  of  the  survey. 
I  think  it  probable  that  the  shore-line  and  detailed  topography  and 
hydrography  of  Lake  Superior  will  be  finished  the  present  season,  bat 
that  a  portion  of  the  primary  triaugulation  and  general  hydrography 
will  remain  incomplete. 

Eespectfully  submitted. 

W.  F.  RAYNOLDS, 
Lieut  CoL  of  Engineers^  Bvt  Brig.  Oen, 

Bvt.  Brig.  Gen.  A.  A.  Humphreys, 

Brig.  Oen.  and  Chief  of  Engineers^  WasMngUm^  D.  C. 


■ 

The  following  is  an  estimate  for  continuing  the  survey  of  the  northern  and 
northicestem  lakes  for  the  fiscal  year  to  commence  July  1,  1870,  and  end 
June  30, 1871,  on  the  same  scale  and  with  a  similar  organization  to  UuU 
emjployed  during  the  season  of  1868: 

For  three  parties  for  hydrographical  duty,  general  triangnlatioii, 
reconnoissance,  &c.,  one  for  each  of  the  lake  survey  steamers  Search, 
Surveyor,  and  Ada,  the  cost  of  each  party  will  be  as  follows: 

1  assistant,  183  days,  at  $4  80  per  day $878  40 

1  assistant,  183  days,  at  $3  60  per  day 658  80 

1  assistant,  183  days,  at  $2  50  per  day 457  50 

1  recorder,  183  days,  at  $1  25  per  day 228  75 

1  sailing  master,  365  days,  at  $2  75  per  day . .  1, 003  75 

1  mate,  183  days,  at  $2  per  day 366  00 

1  steam  engineer,  365  days,  at  $2  75  per  day . .  1, 003  75 
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1  assistant  engineer,  183  days,  at   $2  per 

day $366  00 

1  carpenter,  183  days,  at  $2  per  day 366  00 

1  steward,  183  days,  at  $1  50  per  day 274  50 

1  cook,  183  days,  at  $1  50  per  day 274  60 

1  second  cook,  183  days,  at  $1  per  day 183  00 

4  firemen,  183  days,  at  $1  25  per  day 915  00 

14  seamen,  183  days,  at  90  cents  per  day 2, 305  80 

Subsistence  for  the  above  30  persons,  183  days, 

at  50  cents  each  per  day 2, 745  00 

450  tons  coal,  at  $8  per  ton,  (for  fuel) 3, 600  00 

Total  for  one  hydrographical  party 15, 626  75 

For  three  hydrographical  parties $46, 880  25 

For  three  astronomical,  magnetic,  and  primary  triangu- 
lation  parties  as  follows: 

1  assistant,  183  days,  at  $4  80  per  day $878  40 

1  assistant,  183  days,  at  $2  50  i>er  day 457  50 

1  recorder,  183  days,  at  $1  25  per  day 228  75 

1  cook,  150  days,  at  $1  50  per  day 225  00 

5  men  for  boats'  crews  and  laborers,  150  days, 

at  80  cents  per  day 600  00 

Transportation  of  parties,  provisions,  camp 

equipage,  &c.,  to  and  from  the  field. 500  00 

Subsistence  for  9  men,  150  days,  at  50  cents 

per  day 675  00 

Total  for  one  party 3, 564  65 

For  three  parties 10, 693  95 

For  five  topographical  and  hydrographical  parties  to  sur- 
vey shore-line  and  adjacent  topography  and  hydrography, 
the  cost  of  each  party  will  be  as  follows: 

1  assistant,  183  days,  at  $4  80  per  day $878  40 

1  assistant,  183  days,  at  $3  60  per  day 658  80 

1  recorder,  183  days,  at  $1  25  per  day 228  75 

1  foreman,  165  days,  at  $1  40  per  day 231  00 

1  steward,  165  days,  at  $1  40  per  day 231  00 

1  cook,  165  days,  at  $1  40  per  day 231  00 

1  waiter,  165  days,  at  $1  per  day 165  00 

2  leadsmen,  165  days,  at  90  cents  per  day 297  00 

2  chainmen,  165  days,  at  80  cents  per  day 264  00 

14  boatmen,  165  days,  at  70  cents  per  day 1, 617  00 

Subsistence  of  above  25  persons  for  165  days, 

at  50  cents  each  per  day 2, 062  50 

Expenses  in  purchase  of  tools,  buoys,  flags, 
rope,  leads,  lead  lines,  materials  for  stations, 

camp  and  mess  equipage,  &c 600  00 

Transportation  of  25  men  to  and  from  the  field, 

at  $20  each 1,000  00 

Expenses  of  transportation  of  provisions,  camp 
equipage,  &c.,  to  and  from  field,  at  $250 

each  way 500  00 

Total  for  one  party 8,964  45 

For  five  topographical  and  hydrographical  parties 44, 822  25 
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For  three  parties  for  ganpng  the  outflow  of  rivers,  the 
expense  of  each  will  be  as  follows: 

1  assistant,  183  days,  at  $3  60  per  day $658  80 

1  recorder,  183  days,  at  $1  26  per  day 228  75 

6  men,  165  days,  at  $2  per  day,  including 

board 1,980  00 

Board  of  1  assistant  and  1  recorder,  165  days, 

at  $1  per  day 330  00 

Transportation  to  and  from  the  field 300  00 

Total  for  one  party 3, 497  55 

For  three  parties  for  gauging  outflow  of  rivers $10, 492  65 

Office  and  miscellaneous  expenses: 

Office  rent  and  fuel  for  one  year $1, 800  00 

Pay  of  two  draughtsmen  for  reducing  maps 
for  engraving,  one  year  of  365 'days,  at 
$5  30  each  per  day 3, 869  00 

4  assistants,  chief  of  parties,  182  days,  at 

$5  30  per  day 3, 858  40 

5  assistants,  182  days,  at  $4  10  per  day 3, 731  00 

2  assistants,  182  days,  at  $3  50  per  day 1, 274  00 

1  assistant,  365  days,  at  $4  10  per  day 1, 496  50 

1  assistant,  365  days,  at  $3  per  day 1, 095  00 

3  copyists  and  computers,  365  days,  at  $2  30 

each  per  day :. .        2, 518  50 

1  office  attendant,  365  days,  at  $1  50  per 
day 547  50 

3  steamers  in  ordinary,  at  $1,000  each 3, 000  OO 

Commutation  of  fuel  and  quarters  for  5  officers 

of  the  Corps  of  Engineers 2, 750  00 

Traveling  expenses  of  superintendent  and 
assistants  while  attending  to  the  duties  of 
the  survey 750  00 

Expenses  in  office,  drawing  paper,  and  materi- 
als, stationery,  nautical  almanacs,  &c 600  00 

Expenses  of  meteorological  and  tide-gauge 
observers  for  one  year 4, 000  00 

Total  estimate  for  office  and  miscellaneous  expenses . .       31, 289  90 
Add  10  per  cent,  to  cover  contingent  and  other  expenses, 
such  as  purchase  of  tools,  boats,  camp  equipage,  &c 14, 417  90 

Total  estimate 158, 596  90 

Bespectfully  submitted, 

W.  F,  RATNOLDS, 
Lieut  Col.  of  Engineers^  BvU  Brig.  Gen. 


A. 

Office  Lake  StrBVET,  Jwfy  1, 1869, 

Sib:  I  have  the  honor  to  submit  the  following  report  of  the  progress 
made  by  the  river-gauging  parties  under  my  charge  during  the  past 
"^ear: 

Before  the  close  of  the  season  of  1867, 1  began  to  have  great  doabt  of 
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the' correctness  of  the  results  obtained  by  means  of  floats,  on  account  of 
the  unavoidable  errors  of  that  method. 

These  errors  may  be  classed  under  the  following  heads: 

1.  The  error  of  the  area  of  cross-section. — In  order  to  obtain  the  true 
area  it  would  be  necessary  to  know  the  exact  depth  of  the  river  past 
the  whole  base  line.  Generally  we  sound  out  two  or  three  cross-sections 
carefully,  and  assume  their  mean  to  be  the  mean  area  of  the  river.  Then, 
finding  the  mean  time  of  passage  of  floats  past  the  base  line,  the  velocity 
of  the  river  is  obtained,  and  the  product  of  this  into  the  mean  area 
has  to  be  taken  as  the  true  discharge.  I  noticed  that  in  the  places 
chosen,  which  were  the  best  that  could  be  found,  that  the  irregularities 
of  the  bottom  were  such  that  the  product  of  the 'mean  velocity  into  the 
area  of  the  river,  at  the  upper  and  lower  end  of  the  base,  would  make  a 
difference  of  several  thousand  cubic  feet  per  second,  and  I  wa«  obliged  to 
take  the  mean  as  the  discharge,  though  I  knew  that  it  could  not  be  correct. 
Again,  the  irregularities  of  the  bottom  alTect  the  current;  and  the  floats 
are  differently  influenced  at  different  depths,  so  that,  although  the  com- 
puted discharge  might  happen  to  be  correct  at  one  depth,  it  would  not 
be  so  at  another. 

2.  The  irregularities  of  flow, — ^These,  together  with  the  irregularities 
arising  from  the  form  of  the  bottom,  are  shown,  by  the  fact  noticed 
in  the  last  report,  that  often  when  two  floats  were  put  out  at  different 
depths,  say  five  and  ten  feet,  the  rear  one  would  gain  upon  and  some- 
times even  overtake  the  forward  one.  This  sometimes  happened  when 
the  floats  were  at  the  same  depth,  but  not  often.  These  irregularities 
make  the  determination  of  velocity  very  uncertain,  and  a  very  large  num- 
ber of  observations  would  be  necessary  to  give  an  approach  to  accuracy. 

3.  The  diffictilty  and  uncertainty  of  the  location  of  the  floats, — ^The  length 
of  the  base  lines  were  one-third  the  distance  of  the  furthest  float  from 
them,  and  the  stations  were  connected  by  telegraph,  so  that  the  time  of 
passage  of  the  float  past  one  station  was  instantaneously  communicated 
to  the  observer  at  the  other.  But  when  a  float  was  moving  at  a  rate  of 
over  two  feet  a  second,  it  was  impossible  to  follow  it  with  the  telescope 
by  means  of  the  tangent  screw,  so  that  the  instrument  had  to  be  moved 
by  hand,  and  it  was  only  by  a  lucky  chance  that  the  hairs  were  brought 
exactly  on  the  float  when  the  signal  came.  This  made  an  uncertainty  in 
the  location ;  and,  as  the  velocity  is  slower  near  the  banks,  the  computed 
velocity  would  be  too  large  or  too  small,  as  the  error  was  on  one  side  or 
the  other.  Again,  the  floats  rarely  ran  in  the  same  vertical  plane  or 
parallel  to  each  other.  Often  in  still  weather,  when  the  boat  was 
anchored  near  the  center  of  a  division,  part  of  the  floats  would  run  out 
of  the  division  altogether,  or  more  than  one  hundred  feet  out  of  their 
proper  plane,  the  calculated  path  of  the  float  being  sometimes  as  much 
as  three  feet  longer  than  the  distance  between  the  cross-sections.  This 
would,  of  course,  be  a  cause  of  error,  when  we  attempted  to  reduce 
them  to  the  center  of  the  section  to  obtain  the  mean  velocity. 

4.  A  floating  body  moves  faster  than  the  water  in  which  it  is  immersed. 
Navier  has  investigated  this  subject,  and  gives  a  formula  for  the  com- 
putation of  the  error.  It  depends  upon  the  slope  of  the  surface,  the  dis- 
placement of  the  body,  and  area  of  its  greatest  transverse  section.  Its 
amount,  however,  is  small  and  not  wortli  the  trouble  of  computing. 

5.  The  upper  float  drags  the  lower.  This  is  also  small,  and  depends 
upon  the  relative  sizes  of  the  floats  and  velocity  of  current. 

6.  The  upper  and  lower  floats  are  connected  by  a  cord  on^-twelfth  in  di- 
ameter. This  also  drags  the  lower  float  an  amount  in  direct  proportion  to 
the  length  and  size  of  the  cord.    But  the  cord  can  never  be  perfectly 
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straif^ht;  it  must  bend  down  stream,  and,  therefore,  raise  the  lower  float 
This  is  also  in  proportion  to  the  length  and  size  of  the  cord.  Tliis  raising 
of  the  lower  float  brings  it  into  a  faster  current,  and,  therefore,  gives  too 
large  velocities  as  we  approach  the  bottom. 

In  putting  out  the  floats  from  the  boat  they  cannot  both  be  thrown 
out  at  once  without  danger  of  tangling  the  cord,  but  the  upper  one  must 
be  held  until  the  lower  has  gone  far  enough  to  keep  the  cord  extended. 

Now,  the  upper  float  must  go  enough  faster  to  gain  its  proper  position 
over  the  lower  before  they  reach  the  upper  section,  otherwise  it  will  run 
through  too  fast.  Whether  it  does  or  not  can  only  be  guessed  at, 
and  the  distance  required  for  the  two  floats  to  assume  their  relative 
positions  will  depend  upon  the  length  of  the  connecting  cord  and  tiieir 
velocity. 

Again,  when  the  floats  are  in  their  proper  relative  position  they  can- 
not be  vertically  over  one  another  5  but  the  cord  must  form  the  curved 
hypothenuse  of  a  right-angled  triangle,  of  which  the  perpendicular  is 
the  true  depth  of  the  lower  float,  and  the  base  varies  according  to  the 
depth,  velocity,  and  relative  size  of  the  floats  and  cord.  This  also  would 
give  the  velocity  too  fast. 

Of  these  errors  the  flrst  three  are  uncertain  and  the  last  three  are 
always  plus;  but  the  sixth  appears  to  be  the  most  important  and  the 
most  difiicult  to  calculate  and  eliminate. 

These  errors,  so  numerous  and  so  complicated,  made  me  despair  of 
ever  being  able  to  obtain  the  true  velocity  by  means  of  floats^  and  forced 
me  to  turn  to  the  other  methods  used  by  eminent  hydraulic  engineers  in 
their  determinations  of  the  laws  for  the  flow  of  water.  These  are  prin- 
cipally floating  tubes  used  in  canals  and  feeders  so  successfully  by  Mr. 
J.  B.  Francis,  in  the  Lowell  hydraulic  experiments,  but  which  would  be 
too  cumbersome  for  deep  rivers: 

P^tots's  tube,  modifled  by  M.  Darcy,  the  most  correct  instrument  ev« 
devised  for  shallow  measurements,  but  which  needs  a  Arm  resting  place 
to  be  used  accurately.  Bninning's  pressure  plate,  with  which  he  obtained 
excellent  results  on  the  Bhine,  but  which,  in  these  deep  and  wide  rivers, 
would  be  more  difficult  to  use.  Woltmann's  meter,  which  is  excellent  as 
far  as  it  goes,  but  it  is  inconvenient  to  use,  as  it  has  to  be  raised  and 
lowered  at  each  observation.  Borda's  wheel,  which  is  a  float  wheel 
with  a  long  screw  passing  through  the  axle,  the  number  of  revolutions 
being  found  from  the  length  of  the  screw  passed  over ;  perhaps  the  most 
ingenious  of  all  forms  of  meters,  and  running  with  a  minimum  of  MetioOf 
but  only  for  a  limited  time;  it  was  intended  only  for  surface  veloci- 
ties, but  was  modified  by  M.  Laignel  so  as  to  be  used  at  any  depth. 
Lapointe's  meter,  where  the  wheel  is  inclosed  in  a  tube  and  the  train 
elevated  above  the  meter,  thereby  increasing  the  friction,  and  rendering 
it  only  useful  in  measuring  the  discharge  of  reservoirs  and  the  Aowm 
shallow  streams.  Saxton's  meter,  which  has  less  friction  than  Wol^ 
mann's,  as  it  has  but  one  gear  wheel  to  record  the  revolutions,  but  the 
time  it  can  be  run  without  raising  it  is  proportionately  lessened. 

None  of  these  fulfilled  the  conditions  required;  but  if  a  meter  ooold 
be  made  to  record  separate  from  the  wheel,  then  the  Mction  would  be 
reduced  to  a  minimum  and  it  could  run  for  an  indefinite  time.  This  I 
accomplished  by  attaching  the  wires  of  a  battery  to  the  meter,  so  that 
every  revolution  of  the  wheel  the  electric  current  would  be  broken. 

Now  when  a  Morse  register  was  placed  in  the  circuit,  every  revolu- 
tion of  the  wheel  would  make  a  dot  on  the  moving  paper,  and  from  the 
number  of  these  recorded  in  a  given  time  the  velocity  of  the  current 
was  easily  computed.    This  was  sometimes  used,  but  commonly  the 
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number  of  revolutions  was  obtained  by  means  of  a  tell-tale,  attached 
to  an  ordinary  sounder  or  relay. 

The  forms  of  the  meters  are  given  in  Figs.  1  and  2,  and  the  register  is 
shown  in  Figs.  3  and  4. 

Fig.  1  is  a  float  met^  the  cups  of  a  Bobinsen's  anemometer  being 
bung  in  a  frame  betwe^;9pi¥)0ts.  An  arm  is  fastened  to  the  axle,  and 
at  every  revolution  o£  il^fiup^'  it  comes  in  contact  with  a  fine  silver 
wire,  which  is  bent  spirflBlJV^ve  it  more  elasticity.  This  wire  is  insu- 
lated from  the  frame,  ana  is  ognnected  with  one  of  the  battery  wires, 
the  other  being  attached  to  the  fr|une.  The  frame  is  hung  in  a  yoke,  and 
back  of  it  are  vaues  to  keep  the  cups  in  the  direction  of  the  current 
as  shown  in  Fig.  5. 

Fig.  2  shows  one  form  of  propeller  used — a  modification  of  a  Saxton's 
meter.  An  eccentric  is  placed  on  the  hub  of  the  wheel,  on  which  a 
roller  at  the  end  of  an  ivory  lever  is  kept  by  means  of  an  adjustable  spring. 
This  lever  has  a  platinum  wire  in  it,  which  projects  at  the  bottom,  where 
it  is  kept  in  contact  with  a  platinum  plate  on  the  axle,  when  the  eccentric 
is  at  its  minimum.  This  wire  is  hinged  into  one  of  the  battery  wires, 
insulated  from  the  meter,  and  the  other  battery  wire  is  connected  with 
the  axle.  This  meter  has  also  a  supporting  yoke  and  vanes  at  right 
angles,  not  shown  in  the  drawing. 

If'igs.  3  and  4  show  a  front  and  back  view  of  the  register  used.  This 
consists  of  a  simple  telegraphic  sounder  with  an  escapement  lever 
attached  to  the  armature  arm,  the  pallets  being  so  arranged  that  they 
just  pass  the  center  of  the  first  gear-wheel,  so  that  each  time  the 
armature  rises  and  falls,  the  gear-wheel  advances  one  tooth.  The  front 
wheel  contains  one  hundred  teeth  and  has  a  ten-leaved  pinion  on  its 
axle,  with  which  the  second  wheel  of  one  hundred  teeth  engages,  thus 
registering  one  thousand  double  movements  of  the  armature,  which  are 
shown  by  the  hands  on  the  dials.  When  the  register  is  put  into  an 
electric  circuit  with  the  meter,  as  each  revolution  of  the  meter  wheel 
breaks  and  closes  the  circuit,  the  armature  will  rise  and  fall  at  the 
same  time,  and  thus  each  revolution  is  recorded,  and  can  be  read  by 
means  of  the  hands  on  the  dials. 

The  method  of  using  the  apparatus  is  shown  in  Fig..  5.  A  boat  is 
provided  with  an  ordinary  anchor,  and  a  weight  for  anchoring  the  wire. 
One  line  about  two  hundred  leet  long  is  fiistened  at  the  fluke  end  of 
the  anchor  stock,  and  another  into  the  ring.  Bowing  out  into  the  stream 
about  two  hundred  feet  above  where  the  current  is  to  be  measured,  the 
anchor  is  thrown  overboard,  and  the  boat  dropped  back,  till  we  come 
nearly  to  the  end  of  the  line  fastened  to  the  ring  of  the  anchor.  This 
end  is  now  made  fast  to  the  front  ring  of  the  weight,  and  another  line 
and  a  strong  copper  wire  are  fastened  to  the  upper  ring.  The  weight 
is  now  lowered,  and  the  boat  dropped  back  at  the  same  time,  till  the 
weight  is  vertically  under  the  stem  of  the  boat. 

The  anchor  line  is  made  fast  in  the  bow,  and  the  line  fastened  to  the 
weight  is  left  slack,  so  that  it  will  be  out  of  the  way,  and  fastened  to  the 
stem. 

The  spring-pole,  which  runs  fore  and  aft  the  boat,  is  now  bent  down 
and  the  copper  wire  fastened  to  the  after  end.  This  serves  to  keep  the 
line  always  taut,  and  also  to  take  up  small  motions  of  the  boat. 

The  yoke  in  which  the  meter  frame  hangs  has  a  swivel  ring  at  top 
and  bottom.  To  the  upper  one  is  attached  a  measured  cord,  having 
spring  clasps  every  five  feet,  and  to  the  under  one  is  fastened  a  weight. 

There  are  two  eyes  in  the  side  of  the  yoke,  which  are  passed  over  the 
copi)er  or  standing  wire,  and  on  which  they  slide  up  or  down.    The 
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meter  being  put  on  the  wire,  it  is  lowered  to  say  five  feet  depth,  and  the 
ends  of  the  standing  wire  and  of  the  insulated  wire  connected  with 
the  battery  and  register  in  the  boat )  each  revolution  is  recorded  by  the 
register. 

By  means  of  a  switch  the  register  can  be  thrown  in  or  out  of  cir- 
cuit in  a  moment,  and  the  number  of  revollMons  in  any  given  time 
found.  ^^ 

The  meter  can  be  now  lowered  to  any  o^B  depth,  by  means  of  tbe 
measured  cord,  which  is  fastened  to  the  wireby  the  clasps  to  keep  it  as 
nearly  perpendicular  as  possible,  and  the  revolutions  found;  and  so  on 
until  the  requisite  number  of  observations  have  been  taken  at  that  posi- 
tion. 

The  position  of  the  boat  can  be  exactly  determined  by  a  theodolite 
on  shore. 

After  having  furnished  the  required  observations  at  one  place,  we  first 
let  the  upper  end  of  the  standing  wire  loose,  and  then  pull  up  the  weight 
by  the  lines  fastened  to  it,  and  by  means  of  the  connecting  line  the  tor- 
ward  anchor  is  very  easily  raised  even  from  clay  bottom,  as  it  is  fastened 
to  the  upper  end  of  the  stock,  and  this  lifts  the  anchor  directly. 

Assistant  A.  E.  Flint  devised  the  break  used  on  the  float  meter,  the 
only  friction  being  that  of  the  axle  on  the  steel  points,  and  the  striking 
of  the  arm  against  the  fine  silver  wire.  In  the  faster  moving  propeller 
wheels  this  method  was  not  practical,  as  the  time  the  wires  remained 
connected  was  too  short  to  allow  the  register  to  work,  so  that  with  them 
we  had  to  use  a  longer  break  which  gave  a  little  more  friction,  and  there- 
fore they  required  a  little  faster  current  to  turn  them. 

By  the  use  of  the  meter  we  eliminate  all  the  errors  heretofore  men- 
tioned, which  are  inherent  to  the  method  of  float  measurement ;  for,  the 
base  being  reduced  to  a  point,  only  one  cross  section  is  needed,  and  as 
the  meter  is  free  to  move  in  all  directions  it  will  givethe  velocity  of  any 
cun^ent,  no  matter  at  what  angle  it  passes  the  plane,  and  the  discharge 
at  that  point  must  be  equal  to  the  mean  of  all  the  velocities  past  the 
plane  into  the  area  of  the  cross  section.  The  irregularities  of  the  cur- 
rent can  also  be  eliminated  by  letting  the  meter  run  a  sufficient  time; 
and  its  superiority  over  the  floats  is  seen  in  the  fact,  that  while  the  float 
is  but  a  moment  passing  any  plane,  and  therefore  will  only  give  the  velo- 
city of  the  current  at  that  moment,  the  meter  can  be  run  for  any 
required  time,  and  will  give  the  mean  velocity  for  the  whole  period. 
One  hundred  and  fifty  floats  in  a  day  is  about  as  many  as  a  single  party 
can  put  out  and  locate;  the  mean  of  the  day's  work  will  givethe  velocity 
for,  say,  one  hundred  and  fifty  seconds,  while  from  the  meter  we  can 
obtain  it  for  the  whole  time  or  any  part  thereof.  The  other  errors  of 
the  floats  do  not  of  course  aftect  the  meter.  The  determination  of  the 
coelflcient  seems  to  be  the  only  possible  error  to  which  we  are  liable  in 
the  use  of  the  meters. 

For  this,  therefore,  careful  experiments  were  made  by  drawing  them 
tlirough  still  water,  and  these  results  were  also  tested'by  comparisons 
with  floats. 

COEFFICIENT  OF  METERS. 

This  was  found  by  fastening  the  meters  about  three  feet  below  the 
center  of  a  small  boat,  and  then  drawing  them  across  a  pond  about  fi^« 
hundred  feet  wide. 

The  boat  was  drawn  at  different  velocities,  the  number  of  revolutions 
of  the  meter  and  the  time  of  passage  being  recorded. 
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The  distance  traveled  being  divided  by  the  number  of  seconds,  the 
velocity  in  feet  per  second  was  determined. 

Then  the  number  of  revolutions  per  second  were  grouped  for  each  half 
foot  of  velocity  per  second,  as  shown  in  the  following  table : 

Table  1,-^Shawing  the  number  of  revoluHana  per  second  for  each  half  f^^  of  velocity  for 

the  several  meters. 


m 

Sexolutions  per  second. 

Velocity   in  foot   per 

second. 

• 

Float  meter. 

Sazton  No.  2. 

Saxton  No.  3. 

0.3 

• 

0.5 

0.0391 

1.0 

0.0900 

0.558 

0.440 

1.5 

0.1461 

0.872 

0.696 

2.0 

0.2057 

1.213 

0. 959 

2.5 

0.2715 

1.514 

1.223 

3.0 

0.3375 

1.897 

1.494 

3.5 

0.4050 

2.229 

1.761 

4.0 

0.4657 

s.6:^ 

2.034 

4.5 

0.5292 

2.947 

8.296 

These  quantities  appear  to  follow  some  general  law  of  increase  approx- 
imating to  a  straight  line,  but  to  obtain  the  coefficient  of  the  meter  it  is 
necessary  to  divide  severally  the  velocities  per  second  by  the  revolutions 
per  second. 

This  is  done  in  the  following  table  under  the  head  of  observed  coeffi- 
cient : 

Table  II. — Shoioing  the  comparison  of  the  ohserved  and  computed  revolutions  and  ooeffldent 

for  the  several  meters. 


i 

8-^ 

6 

1 

a 
0.000 

Float  meteb. 

Saxton  Ko.  2. 

Saxton  No.  3. 

Revolntions. 

Coefficient. 

Bevola- 
tions. 

Coefficient 

Bevoln* 
tlous. 

Coefficient. 

Velocity  in  f 
on< 

1 

1 

i 

1 

o 
O 

1 

! 

1 
1 

a 

1 

i 

1 

0 

1 

t 

S 

i 

1 

i 
1 

5 

0.3 

A  nnn 

14.573 

0.5 

0. 4.iiio.  oitgi 

0.039412.778 

12.704 

-un.  074 

0.000 

2.390 

0.650.1104 

■*""       <  '  -■•—•- 

aooo 

0.558 
0.8r2 
1.213 
1.514 
1.897 
2.229 
2.635 
2.947 

1.880 
1.  744 
1.6T3 
1.627 
1.595 
1.572 
1.556 
1.  545 
1.540 

1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 

0.961 
1.214 
1,395 
1.524 
1.617 
1.678 
1. 712 
1.720 

ins. . 

0.0900 
0. 1461 
0. 2057 
0.2715 
0.3375 
0.  4050 
0.  4657 
0.5292 

6.0894 
0. 1454 
0.2070 
0. 2715 
0.3378 
0.4030 
0.  4G81 
0.5283 

11.123 

10. 263 

9.722 

9.208 
8.  8^-8 
a  638 
8.589 
a  504 

ii.'i96,l^.'667' 
10. 300—0.  (m 

9.662|+0.060 
9.208—0.000 
a  881  +0.  007 
a  686 —0.048 
a  546 +0.043 

a  518— 0.014 

1 

0.573 
0.896 
L228 
1.567 
1.908 
2.252 
2.589 
2.922 

1.757 
1.680 
1.629 
1.584 
1.562 
1.550 
1.544 
1.542 

f  0.013 
+0.007 
+0.002 
—0.011 
—0.010 
—0.006 
—0.001 
+0.002 

0.440 
0.696 
0.959 
1.223 
1.494 
L761 
2.034 
2.296 

6.  446  2. 271 
0.6982.153 
0. 964  2. 087 
1. 226,2. 044 
1. 494  2. 007 
L  764il.  987 
2.  032  1. 965 
2. 295 1. 959 

2.282 
2.149 
2.085 
2.040 
2.007 
1.984 
1.969 
1.960 

^.  oii 

+0.004 
t0.008 
+0.004 
-0.000 
+0.003 
-0.004 
-0.001 

Sn 

+0. 015 
+0. 0017 

—0.004 
—0.0005 

-0.003 

Mr) 

an... 

-0.0004 

It  was  found,  that  «an  ellipse  having  a  minor  axis  of  3.44,  and  major 
axis  of  8.2,  would  best  satisfy  the  condition  of  variation  in  these  quan- 
tities. 

In  the  first  column  of  the  table  the  ordinates  of  this  curve  for  each 
half  foot  of  velocity  are  given. 

Plotting  this  curve  and  placing  the  vertex  at  the  zero  of  the  meter, 
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that  is,  at  the  velocity  at  which  it  begins  to  tiirn,  we  can  by  changing 
the  scale  of  ordiuates  plot  the  coefficient  of  meters.    Or  let 

a  =  the  assumed  zero  coefficient, 

^ij  ^2,  &37  &c.,  =  observed  coefficient  at  each  half  foot  of  velocity,  and 

c  =  the  semi-minor  axis  of  the  ellipse, 

then  making  ^"^''^  =  cp 

c 

we  have  for  the  different  velocities 

yo*5  =  — - —  yi-o  =  — —  —  ^c. 

X  X 

These  qnautities  being  compared  with  the  ordinates  of  the  curve,  a  series 
will  be  found  which  will  approximate  very  nearly  to  them. 

Taking  this  series  and  dividing  severally  by  x  and  subtracting  the 
quotient  from  a,  we  have  the  computed  coefficients  given  in  the  table, 
which  can  be  compared  with  the  coefficient  as  observed. 

Thus  we  have  for  the  float  meter  the  assumed  coefficient 

of  the  zero a  =  14.573 

the  common  divisor  x =  3.528 

and  the  velocity  of  the  water  at  the  zero  of  the  meter 0.3  foot 

The  differences  between  the  observed  and  computed  coefficients  given 
in  the  table  are  very  small,  and  are  probably  mostly  due  to  errors  of 
observations. 

M.  Morin  (Hydraulique,  page  100  et  seq.)  gives  certain  observations 
for  the  determination  of  the  coefficient  of  the  Lapointe's  meter,  by  noting 
the  number  of  revolutions  and  corresponding  time  during  which  a  reser- 
voir of  known  size  was  being  flUed  by  water  passing  through  the  meter 
at  different  velocities. 

He  gives  a  formula  for  the  meter  of  the  form  Q  =  a  +  6n,  in  which  Q  = 
the  discharge,  n  =  the  number  of  revolutions,  and  a  +  6  are  constants 
to  be  found  by  experiment. 

This  it  will  be  seen  is  the  formula  of  a  straight  line,  and  it  agrees  rerr 
well  with  his  observations.  But  it  is  only  applicable  to  an  enclosed 
meter,  where  the  area  of  the  volume  of  water  passing  the  meter 
is  known. 

I  have  taken  his  data  and  have  found  the  coefficient  of  the  metCT 
reduced  to  English  feet,  for  each  half  foot  of  velocity. 

In  the  table  below  are  given  these  observed  coefficients  and  the  coeffi- 
cient as  computed  by  the  formula  previously  given. 

Table  ni. — Showing  the  oompariaon  of  the  observed  and  computed  coefficient  of  LaptM^ 

meter* 


COKFnCIENTS. 

Velocity   in  feet  per 

second. 

Observed. 

Compnted. 

Difference. 

1.5 

0.650 

2.0 

0.571 

0.573 

—0.001 

3.5 

0.546 

0.540 

-fa  006 

3.0 

0.519 

0.519 

0.000 

3.5 

0.507 

0.503 

-f  0.005 

4.0 

0.496 

0.493 

+0.003 

4.5 

0.466 

0.485 

■fa  001 

5.0 

0.477 

0.480 

—a  003 

5.5 

0.474 

0.478 

— O.0M 

gtnn 

4  0.007 

Mean 

H-0.0000 

1 
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It  will  be  noticed  that  the  coefficient  differs  even  less  from  the  curve 
than  of  my  own  meters.  Beyond  the  velocities  given  in  this  table  there 
are  a  few  observations,  and  they  plot  on  each  side  of  a  tangent  to  the 
ellipse  drawn  through  the  intersection  of  the  minor  axis,  showing  appar- 
ently that  the  coefficient  follows  a  straight  line  in  greater  velocities  than 
are  given  by  the  curve. 

This  meter  having  been  tested  by  a  measured  amount  of  water  passing 
it  in  a  given  time,  makes  this  coincidence  of  its  coefficient  with  the 
curve  quite  important,  as  it  in  a  measure  proves  the  corrections  of 
the  still  water  observations,  and  also  the  general  application  of  this 
method  to  the  computation  of  the  coefficient  of  all  meters,  though  I 
have  not  as  yet  been  able  to  obtain  the  observations  made  by  other 
engineers. 

M.  Morin  says  in  this  connection,  "If  certain  engineers  in  using  instru- 
ments of  this  kind  have  found  that  the  relation  between  the  velocities 
and  number  of  revolutions  should  be  represented  by  a  curved  line  of 
the  parabolic  form,  it  comes  no  doubt  from  the  fact  that  in  the  instru- 
ments they  used  the  friction  notably  increased  with  vthe  velocity." 

But  when  the  appliances  are  light  and  the  surfaces  of  the  blades  of 
the  screw  are  sufficiently  large,  as  in  the  meter  we  have  been  examining, 
the  friction  will  remain  very  small  and  then  the  number  of  revolutions 
will  increase  proportionally  to  the  velocity.  I  also  do  not  think  that 
the  experiments  which  have  furnished  results  different  from  those  of 
M.  Lapointe  have  been  as  extended,  nor  made  with  a  precision  compar- 
able to  the  observations  of  this  engineer.  As  will  be  seen  from  the 
tables  above,  the  Lapointe  meter  stops  at  a  velocity  of  1.5  foot  per 
second,  while  the  float  meter  moves  at  0.3  foot  per  second. 

M.  Dubuat  gives  the  resistance  of  a  sphere  as  0.35  of  that  experienced 
by  its  great  circle  when  drawn  through  still  water;  and  Beaufoy  with 
velocities  from  two  to  twelve  feet  per  second  found  the  resistsuice  to 
vary  from  0.325  to  0.359,  giving  a  mean  of  0.342. 

It  was  upon  these  results  that  Robinson  constructed  his  anemometer, 
now  so  generally  used  in  meteorological  observations,  in  which  he  called 
the  velocity  of  the  cups  one-third  that  of  the  wind  moving  them.  Ob- 
taining the  same  ratio  of  resistances  from  the  observed  revolution  of  the 
float  meter,  given  in  table  II,  we  find  for  the  mean  of  the  whole  0.360, 
which  is  nearly  the  same  as  that  above,  while  for  the  velocity  of  4.5  feet 
per  second  it  is  only  0.189 ;  therefore  the  velocities  given  by  the  ane- 
mometer when  the  wind  is  blowing  over  two  or  three  miles  an  hour 
will  be  much  too  small. 

To  test  the  corrections  of  the  coefficient,  the  float  meter  was  compared 
with  floats  in  a  small  canal  at  Ogdensburg,  conveying  water  from  the 
dam  to  certain  mUls. 

A  straight  reach  was  chosen  below  the  dam  and  above  the  mill  sluices 
so  as  to  have  the  minimum  of  disturbance.  Wires  were  stretched  across 
the  canal  200  feet  apart,  and  the  time  of  passage  of  the  floats  past  the 
wires  was  telegraphed  to  the  recorder,  who  had  a  chronometer  before 
him  and  noted  the  time  to  the  nearest  tenth  of  a  second.  The  floats 
were  run  at  mid-depth  of  the  canal  and  as  nearly  in  the  center  as  possi- 
ble, and  the  meter  was  run  continuously  at  the  same  depth  midway  be- 
tween the  wires.  The  wind  was  quite  strong  in  the  direction  contrary 
to  the  flow  of  the  water  in  the  canal  during  all  the  observations,  but  its 
force  being  broken  by  the  surrounding  buildings,  the  effect  upon  the 
floats  was  very  small. 
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Tabcb  IY. — Showing  the  campariaon  between  the  floats  and  meter  in  the  eandl  at  OgdenAvf, 


Ko.  of  obBorvfttions. 


34 

6. 
6. 


Velocity  of  oairent  feet  per  second. 


By  floats. 


By  meter. 


L993 
1.87C 
1.476 


1.980 
1.916 
1.434 


Dlfferenoe. 


+0. 019 
+0.040 
—a  042 


Arithmetil 

sum  of 
differences. 


3.314 
0.368 
0.443 


0.096 
a  061 
0.074 


+0.213  to-4Lia 

+0. 064  to  -4L  m 
+0.  157  to  — 0.09t 


From  this  it  will  be  seen  that  the  diflference  between  the  mean  velocity, 
as  determined  by  the  floats  and  the  meter,  is  small,  though  the  range  of 
velocities,  as  given  by  single  floats,  is  quite  large. 

I  have  not  as  yet  been  able  to  test  the  coefficient  of  the  meter  by 
measuring  the  quantity  of  water  passing  it  in  a  given  time,  though  the 
observations  on  Lapointe's  meter,  given  above,  seem  to  show  the  cor- 
rections of  the  general  curve. 

The  following  table  shows  the  comparison  between  the  meter  and  floats 
at  different  depths  taken  in  the  St  Clair  Eiver : 

The  floats  were  run  past  the  same  base  line  and  in  the  same  manner 
as  in  the  previous  year.  (Eeport  1867-'8.) 


Table  Y. — Comparison  of  floats  with  Saxton^s  meter  No,  2,  in  the  St. 

Clair  rir«r,  1968. 

DATS. 

WIKD 

• 

1 

«M 

YBLOCrrT. 

Day. 

Hour. 

1 

1. 

eg 

0)  o  « 

■**  s  ^ »« 

llfc§ 

1- 

*^  a 

1- 

Hi 

0,  « 

• 

I 

rtf 

m^^ 

■^d 
& 

o 
6 

t,i 

a 

s 

•^ 

P 

> 

A 

;zi 

« 

PQ 

Q 

Sept.  1... 

11a.m. 

Calm  ... 

5 

3 

4.405 

4.340 

+0.065 

10 

5 

4.314 

4.294. 

+0.090 

15 

5 

4.218 

-4.  081 

+0.137 

20 

5 

4. 106 

a  997 

+0. 109 

Sept.  1... 

13  m.. 

S.E 

3 

Up  8.7.... 

95 
30 

5 
5 

3.936 
3.947 

a  898 
a  639 

+0.038 
+0.308 

35 

8 

a  741 

a  261 

+a4ci0 

D«T>thofriTer.44fl 

Sept  1... 

3  p.m. 

N.W... 

9 

Downao. 

37 
35 
30 

5 
3 

4 

3.718 
3.824 
4.058 

a  143 

a  482 

a  717 

+a576 
1-0.  453 
+0.341 

467  feet  ttoai  basa 

25 

3 

4.029 

a  787 

+0. 343 

■ 

20 

3 

3.996 

4.032 

—0.036 

Sept  1... 

5  p.m. 

N.W... 

18 

Down  10. 7. 

15 

10 

5 
5 

4.196 
4.197 

4.0qO 
4.259 

+0. 116 
—0.063 

5 

5 

4.294 

4.305 

—0.011 

Depthof  riTi*r.44ll 

Sent.  8... 

5 

3 

3.14? 

a228 

—0.084 

1,339  feet  frvmbssB. 

10 

3 

a239 

a  216 

+  0.023 

Sept  9... 

11a.m. 

W.S.W. 

4.0 

TTp  0. 3. . . . 

15 
20 
25 

5 
5 
2 

3.251 
a235 
3.087 

a  101 

2.858 
2.824 

+0.150 
+0.377 
+0.263 

Sept  3... 

1  p.  m 

S 

4.5 

Up  4.3.... 

30 

5 

3.061 

2.804 

+0.357 

DepthofriTer.43fL 

Sept  8... 

3  p.  m 

S.E 

9.0 

Up8.0.... 

5 
10 
15 

5 

1 
5 

2.330 
2.078 
2.174 

2.601 
2.425 
2.258 

—0.271 
-0.  347 
+0.084 

l,5bO  foet  fitun  bsse^ 

Sept  9... 

5p.m 

S 

ao 

Up  7.6.... 

20 

4 

2.100 

1.839 

+  0.261 

Depth  of  riTer,  29  ft. 

Sopt  4... 

5 

10 

2 
5 

a  916 
a  929 

4.119 
4.181 

—0.803 
—0.358 

1.044  feet  from  bstf'. 

Obaervatio'snot  raj 

Sept  4... 

11a.m. 

W.  S.W. 

10.0 

UpO.8.... 

15 

4 

a  982 

4.179 

—0.197 

good  on  accoontof 

20 

3 

a  795 

a  851 

—0.056 

tiie  waves. 

25 

3 

a803 

a  694 

+0. 119 

30 

4 

a  611 

a  625 

—0.014 

35 

3 

a  624 

a  577 

+0. 047 

Sept  4... 

1  p.  m. 

W.S.W. 

10.7 

Up  L  9. . . . 

40 

5 

a  551 

a  343 

+  0.208 

43 

3 

a  564 

a  219 

+0.345 

Depth  of  riv^.  49  ft 

The  meter  was  located  midway  between  the  sections,  as  near  the  path 
of  the  floats  as  possible,  and  run  continuously  at  each  five  feet  depth 
during  the  whole  time  the  floats  were  passing  at  the  same  depth. 
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There  are  not  enough  of  these  observations  to  give  the  true  diflference 
between  the  floats  and  meter  for  all  depths,  and,  therefore,  we  cannot 
yet  reduce  the  observations  taken  in  1867,  but  they  are  sufficient  to  show 
that  while  near  the  surface  in  a  calm  the  meter  and  floats  give  nearly  the 
same  velocity,  while  as  we  approach  the  bottom  the  velocity  determined  by 
floats  is  greater  than  that  given  by  the  meter  j  and,  though  the  range 
of  difference  showQ  that  a  large  number  of  observations  will  be  required 
to  give  the  law  of  variation,  yet  there  are  enough  to  show  that  the  errors 
of  float  measurement  are  in  the  direction  heretofore  pointed  out,  and 
that  sub-surface  velocities  given  by  the  double  floats  will  be  too  large. 

I  think  that  I  have  shown  that  the  meter  gives  velocities  as  nearly 
correct  a^  is  possible  with  any  apparatus  when  the  coefficient  is  known, 
and  tliat  it  is  as  accurate  in  the  measurement  of  velocities  at  all  depths 
as  Mr.  Darcy's  modification  of  Petot's  tube  is  in  canals  and  small  streams. 

In  table  A,  at  end  of  report,  are  given  the  reduced  meter  observations 
for  1868.  In  these  tables  two  different  methods  of  observation  are  given ; 
one  for  determining  the  vertical  curve  and  the  other  for  determining  the 
horizontal. 

In  the  first  case  the  boat  was  anchored  in  one  place  long  enough  to 
allow  the  meter  to  run  for  any  required  length  of  time  at  each  five  feet 
of  depth ;  thus  occupying  only  a  few  positions  in  a  day.  In  the  second 
the  meter  was  only  run  at  two  or  three  depths  and  then  moved  about 
two  hundred  feet,  thus  going  across  the  whole  river  in  one  day. 

These  latter  observations  were  taken  to  find  the  horizontal  curve  for 
a  single  day,  by  means  of  which  the  vertical  curves  taken  on  difterent 
days  could  be  reduced  to  the  center  of  the  two  hundred  feet  division  into 
which  the  river  was  divided,  in  order  to  give  the  discharge  more  accu- 
rately, as  noticed  in  the  last  report. 

But  it  was  found  that  the  velocity  changed  as  much  from  day  to  day 
as  it  did  in  the  whole  season,  so  that  the  horizontal  curves  were  con- 
structed from  the  whole  observations  by  plotting  the  daily  velocities 
obtained  at  each  five  feet  of  depth  in  their  proper  relative  distance  from 
the  base  line.  A  free  hand  curve  was  drawn  through  these  points  and 
a  connection  found  which  was  applied  to  each  observed  velocity  to  re- 
duce it  to  the  center  of  the  division  in  which  it  was  taken.  The  veloci- 
,ties  for  Niagara  vary  greatly ;  this  is  due  partly  to  the  eddies  and  partly 
to  the  flow  over  the  falls,  hereafter  noticed. 

The  velocities  for  each  five  feet  of  depth  reduced  to  the  center  of  each 
division  are  given  in  the  following  tables : 

The  surface  velocities  at  St.  Clair  and  Magara  were  not  properly  taken. 

The  meter  being  at  the  stem  of  the  boat  the  true  velocity  cimld  not  be 
obtained,  as  the  friction  of  the  current  against  the  bottom  of  the  boat 
would  retard  it  very  much,  and,  therefore,  give  its  velocity  too  small. 
At  Ogdensburg  there  were  too  few  taken  to  be  of  any  importance.  The 
bottom  velocities,  given  in  the  tables,  were  obtained  by  plotting  the 
velocities  on  a  large  scale,  and  continuing  the  curve  they  indicated  till 
it  intersected  the  line  representing  the  bottom  of  the  river.  These  are 
probably  too  large. 
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Tabi«e  YI. — Showing  the  mean  olmerted  velocities  reduced  to  the  center  of  ea6k  diritioUj  SL 


Depth. 

Ist  division. 

90. 

3d. 

4th. 

5tlL 

6th. 

7th. 

I 
fitJi. 

i 

1 

3.485  !- 

1 

9th. 

• 

iHt 

balf. 

2(1 
half. 

1 

1.419 
1. 4:i9 
1.517 
1.193 

a  218 
a  278 
a  164 
3.030 
2.797 
2.522 
a,  It. 
2.350 

a992 
4.215 
4.U51 
a  960 
a  794 
a68d 

a  477 

a  002 

.ft. 

2L436 

4.212 
4.404 
4.309 
4.171 
4.040 
a»46 

a  723 
a  424 

2.925 
41  ft. 
2.750 

4.127 
4. 212 
4.065 
4.022 
a  9:53 

aMX) 

a666 
a4d5 

a20d 

a  032 
2.700 

4.004 
4. 112 
4.000 
4.017 
a  012 

a7{W 

a  646 
a  547 

a353 

a  032 

2.699 

„ft. 

2.500 

a  740 
a  826 
,    a  608 
a650 
a533 
a  366 

a  235 

aoo3 

2.607 

2.531 
47  ft. 
2.350 

aoe9  ^ 
a2U)  ' 
a22r»  ' 
ao^ 

2.925 
2.702 

2.4S4  ' 
2.169  1. 

1 

i.eo6  . 

I 

5 

a.  4.-0  i 
2.061  .- 

1.  751    ,. 
1.300     . 

r 

L  122 
1.114 
0.911 

^ 

10 

y 

15 

» 

20 

■« 

25 

-Ci 

30 

1 

35 

£ 

40 

# 

45 

c 

50 

1 

1 

30 

I 

■ 

\"' '■" 

Table  YIL — Shounng  the  mean  observed  velocities  reduced  to  the  center  of  each  dirutom/f 

Niagara  River,  from  June  10  to  July  17, 1868. 


COBBBCTKD. 


Depth. 


1. 

5. 
10. 
15. 
20. 

25. 
30. 
35. 
40. 
45. 

50. 

55. 

00. 

65. 


Mean. 


2 


2.256 
2.302 
2.0tf7 
2.118 
1.913 

1.732 
0.650 


i 


2.523 
2.710 
2.450 
2.802 
2.485 

2.431 
2.507 
2.685 
2.307 
1.937 

1.439 

0.680 


a  908 
a  240 
a  267 

ac9o 

a  274 

a  243 
a  275 

a  015 
a  111 

2.848 
2.587 
2.655 
L968 
1.582 

(«) 
L480 


a  677 
4.057 
4.125 
4.085 
4.141 

a  770 
a  934 
a  842 
a  858 
a  659 

a377 

a  188 

a  085 
2.833 

in) 
2.200 

(»•§») 
2.010 


4.257 
4.227 
4.253 
4.329 
4.235 

4.137 
4.093 
4.324 
a  877 
a  851 

a  407 

ai6s 

2.660 
2.180 


6 


i 


4.751 
4.523 
4.450 
4.065 
4.637 

4.247 
4.  o:^2 
a  846 

a  718 

a  226 
2.850 

1.800 

(m> 
1.620 


^ 


a  949 
4.247 
4.G67 
4.448 
4.144 

4.091 
a  794 
a  774 
a4:J8 

a  318 

2.650 

(a) 
2.490 


8 


4.270 
4.197 
4.170 
4. 132 
4.135 

4.169 
a  788 
aG02 
a  264 
2.896 

L900 


9 


10 


3.931 
3.  M4 

a  t»87 

a869 
4.042 

3.710 
3960 
3.610 
3.  457 
a.603 

1.400 


I 


s 


S.934 
3.4'-l 
3.618 
3.^293 
3.157 

3.083 
3w095 
2.659 
Si.  921 

<«-»> 
a960 


U 


? 


5 


±91= 

a*>: 
a34i 

a4£8 

L514 
1.(03 
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Table  VIII. — Showing  ilie  mean  observed  velocities  reduced  to  the  center  of  each  division,  for 

Xiagara  Iiicer,from  July  17  to  September  17, 1868. 


Depth. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1-2 

5 

10 

15 

20 

25 

30 

35 

2.241 
2.7d6 
2.  362 
1.915 
1.667 
1.546 
0.920 

2.200 
1.  955 
2.236 
2.019 
2.240 

1.  92 ) 
1.786 

2.  :J09 
1.770 
1.430 
0.970 
0.340 

3.720 
3.424 
3.  806 
3.  550 
3.146 
3. 305 
3.225 
3.440 
2.510 
2.654 
2.714 
2. 052 
1.600 
1.000 
0.900 

3.740 
4.015 
3. 216 
3.564 
3.505 
3.173 
3.438 
3.  ."JSl 
3.  215 
3.023 
3.176 
2.938 
2.685 
2.430 
2.2(j0 

3.960 
4.305 
3.675 
3.383 
3.793 
3.438 
3.341 
3.191 
3.054 
a  332 
2.825 
2.606 
2.325 
2.270 

3.461 
3.994 
4.094 
3.  585 
3.294 
3.447 
3.119 
3.499 
3.295 
a  080 
2.880 
2.640 
2.600 

a  436 
a  959 
a  618 
a  625 
a  927 
a  446 
a  203 

a  181 

2.779 
.2.516 
2.563 
2.195 

aTO3 

a  857 
a  607 
3.219 
a  308 

a  188 

2.953 
2.770 
2.582 
2.214 
1.810 

a  155 
a  390 
a  225 
a  047 
2.948 

a  119 

2.8?8 
2.812 
2.502 
2. 132 
1.925 

2.357 
2.639 
2.668 
2.690 
2.578 
2.838 
2.612 
2.059 
1.866 
J.  713 
1.310 

1.565 
1.784 
1.669 
1.355 
1.643 
1.641 
1.482 
1.280 

4a 

1  055 

45 

0  750 

50 

55 

(50 

65 

70 

•* 

70-95  

2.100 

Table  IX. — Showing  the  mean  observed  velocities  reduced  to  the  center  of  each  divisionj  for 

liiagara  Hirer j  from  June  10  to  September  17, 1868. 


Depth. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1-2 

1.896 

2.588 

a723 

a  676 

4.257 

4.284 

a  750 

a  579 

a  565 

2.608 

2.255 

5 

2.682 

2.194 

a  156 

4.089 

4. 272 

4.197 

a  965 

a820 

a  616 

a  736 

1.973 

10 

2.326 

2.336 

a  344 

a  428 

a  830 

4.195 

a  802 

a  695 

a  358 

2.975 

2.151 

15 

2.091 

2.300 

a  690 

a  825 

a  924 

a  852 

a  858 

a  461 

a  342 

2.840 

2.348 

23 

1.825 

2.360 

a  256 

a  717 

a  820 

a  684 

a  677 

a  509 

a4:i4 

2.619 

L983 

25 

1.664 

2.037 

a  243 

a  aw 

a  554 

a  026 

a  635 

a  429 

a  158 

2.703 

1.902 

30 

0.600 

1.  945 

a  275 

a  643 

a  552 

a  346 

a  616 

a  297 

a  108 

2.725 

1.482 

33 

2.441 
2.308 

1.937 

1.624 

0.800 

a  174 

2.958 
2.751 
2.660 
2.475 
1.968 
1.582 

a  725 

a  401 

a386 

a  291 

a  088 

a  185 

2.833 

2.530 
2.480 

a  442 
a  326 

a340 

aoo6 
a  oil 

2.655 
2.590 

a  652 
a  436 

a  143 

2.905 

2.075 

(») 
1.985 

a  257 
2.994 

2.660 

2.563 

2.210 

a082 
2.758 

2.492 

S.055 

a  156 

2.929 

2.28:j 

(4B-5n) 

2.350 

2.243 
2.518 

1.773 

(48'iio) 

1.610 

1.050 

40 

0.600 

45 

(4S) 

0.650 

50 

55 

60 

65 

70 

# 

70-95  

Means — 

1.869 

2.072 

2.847 

a  353 

a  469 

a  414 

a332 

a  198 

a  118 

2.577 

1.659 

Batio    to 

0.696 

0.800 

0.765 

0.8SO 

0.812 

0.801 

a  840 

0.837 

0.862 

0.689 

0.707 

maximum 
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As  these  divisions  were  200  feet  wide  and  five  feet  deep,  except  near  the 
Bides  and  bottom,  they  would  contain  1,000  square  feet,  therefore,  the 
mean  velocity  in  each  multiplied  by  1,000  will  give  the  discharge. 

In  the  following  tables  are  given  these  mean  velocities  for  each  five 
feet;  adding  up  the  velocity  numbers  for  the  full  areas,  moving  the  de- 
cimal point  three  places  to  the  left,  and  adding  to  these  the  discharge  of 
the  partial  areas,  we  have  the  total  discharge  of  each  division,  and  that 
for  the  whole  river,  as  given  at  the  foot  of  these  tables. 

Dividing  these  discharges  by  the  area  of  each  division  and  by  that  of 
the  whole  river  we  have  the  resx)ective  mean  velocities  given  in  the 
lower  line. 


Table  XI. — Showing  the  mean  velocity  and  discharge  for  each  jive  feet  in  depth  in  each 

division,  and  also  for  the  tohole  river  St.  Clair,  1868. 


Depth. 

1st  section. 

Corrected  moans. 

TotaL 

let 
half. 

2d 
half. 

3. 

3. 

4. 

5, 

6. 

7. 

8. 

• 
9. 

2i 

1.465 
1.478 
1.355 

a  248 
3.221 
3.097 
2.913 
2.659 
2.436 

4.103 

4.i;h 

4.005 
3.877 
3.741 
3.582 
3.284 
2.764 

4.308 
4.356 
4.240 
4.105 
3.943 
3.784 
3.573 
3.174 
2.837 

4  169 

4.138 
4.043 
3.977 
3w896 
3.733 
3.575 
3.346 
3.120 
2.866 

4.058 
4.101 
4.053 
3.964 
3.850 
3.717 
a5»6 
3.450 
3.192 
2.865 
»ft. 
2.599 

a  783 
a  762 
a  674 
a  591 
a  449 

a  300 
a  119 

2.805 
2.569 
2.440 

a  174 
a  242 
a  155 

a  005 

2.813 
2.5'i8 
2.311 
1.987 

2,542 
2.544 
2.394 
2.180 
1.906 
1.626 

1.122 
1. 118 
1.013 

98942.3 

7I 

29072.7 

124 

2819a  2 

17* 

26267.9 

224 

24927.5 

27  

22718.8 

324 

1945H.  0 

37  

17332.5 

421 

1120a  S 

474;   .. 

697a  4 

'• Br •-••••••••   -••••- 

1341.5 

Mean  velocity 

Diacharire 

1.  429     2.  945 
2241.2   R.'iSai 

3.694 
29-295. 5 

3965 

• 

3.869 

33497.3 

43.55 

3.681 
37034.9 
50.3 

3.641 

36015.6 

52.25 

a  291 
31296.  4 

2.707 
22572.9 

2.235 

12G06.6 

2a2 

1.083 

1321.5 

15.25 

a  278 
816435. 

Mean  depth  of  sect's 

15.68 

29.04 

47.55 

40.775 

Table  XII. — Shmoing  th^  mean  velocity  and  discharge  for  each  five  feet  in  depth  in  eadk 
divi9ion,  and  also  for  the  whole  river  JSiagara,  June  \Oih  to  July  17 th,  1868. 


Depth. 

1. 

2. 

a 

4. 

a 

6. 

7. 

a 

9. 

10. 

11. 

5 

.955 
.763 
.6.'^2 
.554 
.428 
.334 

1.308 

1.290 

1.313 

1.322 

1.229 

L234 

1.298 

1.160 

.829 

.531 

.219 

.052 

1.787 
1.626 
1.T39 
1.741 
1.629 
1.630 
1.572 
1.529 
1.490 
1.358 
1.321 
1.160 
.887 

4. 0.57 
4.091 

4. 1'15 
4.113 
a  956 
a  852 

aSH8 
a  850 

a  7.'>8 
a. 518 

a  282 

a  137 

2.959 
2.899 

4.242 
4. 24) 
4.291 
4.282 
4. 186 
4.115 
4  208 
4.200 
a  864 
a  629 
a  285 
2.031 
.200 

4.637 
4.486 
4.9.58 
4.351 
4.342 
4.140 
a  939 
a  782 
a  472 
9.953 
8.075 
.120 

4.247 
4.457 
4.557 
4.276 
4.118 
a  942 
a  784 
a606 
a  378 

aoo9 

1.800 

4.233 
4.184 
4.151 
4  133 
4.152 
a  979 
a  695 
a  433 

a  Of  0 

9.838 

a  872 

a  851 

a  878 
a  955 
a  876 
a835 
a  785 
a  533 

a  030 

1.540 

a  487 
a  552 
a  456 
a225 

a  129 

a  089 
2.877 
9.790 
2.366 
1.000 

L897 

10 

15 

20 

25 

30 

35 

2.016 
1.955 
1.703 
1.499 
.963 
.446 

40 

.088 

45 

50 

55       ...   . 

60 

65 

70. ..!.!. - 

a298 

10l878 

17.970 

147.502 

4a  172 

39.879 

37.450 

3a  884 

38.448 

26.740 

9.693 

Velocity,  a  473.    Discharge,  304, 307. 
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Table  XIII. — Sltowhiff  the  mean  velodtif  and  discharge  for  each  fire  feet  in  depth 
divisiouy  and  ahojbr  the  whole  river  Niagara,  from  July  Ytth  to  September  VTthy 


ie6& 


1. 

3. 

3. 

4. 

5. 

6. 

7. 

& 

9. 

10. 

11. 

1-5 

5-10 

10-15 

15-20 

20-25 

2V30 

30-35.... 
35-40 

1.030 

.876 
.574 
.  538 
.410 
.181 

1.038 

1. 0.53 

1. 008 

1. 064 

1.0-JO 

.9-JC 

1. 023 

.  923 

.640 

.3^4 

.230 

1.796 

1.807 

1  839 

1.674 

1.612 

1.632 

1.6CC 

1.487 

1.291 

1.  343 

1.191 

.913 

.650 

.135 

3.877 
3.616 
3.  .390 
3.534 
3.3:«) 
3.305 
3.494 
3.3j?3 
1    3.119 
'    3.100 
a  057 
2.011 
2.557 
2.315 
1      .478 

4.133 
3.990 
3.704 
3.813 
3.626 
3.400 
3.2G1 
3.123 
3. 243 
3,078 
2.715 
2.460 
.472 

1727 
4.004 
3.839 
.1489 
3.370 
3.283 
3.309 
3.  397 
3.187 
2.980 
2.760 
.406 

3.697 
.1588 

:'.  621 

3.776 
.3.686 
3.325 
3.193 
2.980 
2.647 
2.540 
L527 

3.790 
3.rJ2 
3.413 
3.263 
3.248 
3.070 
2.861 
2.676 
2.398 
2.012 

3.277 
3.307 
3.  136 
2.997 
3.  o:i3 
3.003 
2.950 
2.l>o7 
2.316 
2.027 
.......    ' 

2.498 
2.668 
2.669 
3.634 
2.70d 
2L725 
2.335 
1-Sl6i 
1.750 
1.511 

1.C4 

i.>a 

.411 

40-45 

^ 

CQ 

45-50  

50-55  

55-«) 

60-65  

• 

65-70  

Means . . . 

3.321 

8.664 

17.500' 

41. 697 

37.863 

34.844 

31. 916 

2a  117 

26.401 

21.709 

C{?l 

Total,  258, 586.    Velocity,  2. 071. 


T-iBLE  XrV. — Shoicing  the  mean  discharge  and  vel^xnty  for  each  five  feet  in  depth  in 
division,  and  ahofor  the  whole  river  Niagara,  from  June  10th  to  Septemiber  17th,  186& 


1-5.. 

5-10. 
10-15 
15-20 
20-25 
2>-30 
30-35 
35-40 
40-45 
4.5-50 
50-^ 
55-60 
60-65 
65-70 


Discharge 

Mean  v«3ocity 

Mean  depth 

Bate  of  minimnm  to 
maximum  Telocity. 


1. 


0.950 
0.876 
0.707 
0.52S 
0.410 
0.185 


2. 


1.195 

1.132 

1.159 

1.165 

1.180 

1.100 

.993 

1.096 

.849 

.589 

.229 


3. 


1.719 
1. 635 
1.758 
1.736 
1. 624 
1.629 
1. 612 
1.533 
1.438 
1.353 
1.284 
1.110 
.844 
.158 


3.374 

1.880 
21. 015 

0.701 


9.8C4 
2  218 
48.30 


il7.  918 
2  919 
66.15 


0. 949  I  0.  925 


3.883 
3.758 
3.727 
3.771 
3.533 
3.496 
.3.684 
3.563 
3.393 
3.338 
3.190 
3. 131 
3.009 
2.681 
.476 


44. 888 
3.427 
70.95 

0.638 


5. 


4.364 

4.051 
3.877 
3.872 
3.687 
3.553 
3.497 
3.384 
3.333 
3.173 
3.008 
2.833 
.482 


6. 


7. 


4.240 
4.196 
4.023 
3.768 
3.655 
3.488 
3.499 
3.544 
3.289 
3.024 
2.490 
.406 


.39.723 
3.541 
60.92 

0.839 


36.569 
3.537 
56.00 

0.843 


3.857 
3.883 
3.830 
3.767 
3.656 
3.625 
3.436 
3.135 
2.827 
2.611 
1.513 


3.700 
3.757 
3.578 
3.485 
3.469 
3.363 
3.189 
3.920 
2.615 
2.278 


33.348 
.1397 
3.175 

0.858 


39.841 
1235 
50.00 

0.847 


9. 


a690 
3.4«7 
3.350 
3.388 
a  296 
3.133 
3.132 
a042 
2.616 
1.621 


la 


2a  387 
3.171 
4a  50 

0.877 


SL672 
2L8S5 
2.907 
2.730 
2.661 
2L714 
2.484 
2.380 
2.145 
1.183 


22  727 
2.550 
48.50 


IL 


-Ls: 

LiSQ 

L115 
.^ 
.€35 
.MI 
.»! 
.065 


G.®<1 

Lses 
2*.  a 


0.857  I    0Ld8< 


Total  discharge,  273,329  feet.    Mean  velocity,  3.119  feet 
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In  the  following  tables  are  given  the  daily  discharge,  resulting  ve- 
locity of  wind  in  the  direction  of  the  river,  and  gauge  reading  for  each 
day  on  which  observations  were  taken. 

The  daily  discharge  was  computed  by  finding  the  ratio  between  the 
mean  discharge  of  each  division  and  that  of  the  whole  river,  and  then 
multiplying  the  discharge  found  in  any  division  by  this  ratio. 

The  numbers  of  the  divisions  from  which  the  daily  discharge  is  ecsm- 
puted  are  given  in  column  4  of  the  tables. 

The  discharge  when  computed  from  the  side  divisions  only  is  not  con- 
sidered accurate. 

Table  XVI. — Showing  the  daily  cUachargey  reading  of  water  gauge,  and  direction  of  uimd  m 

the  St  Clair  JRiv^y  1868. 


Date. 


June  S7 

29 

30 

July     1 

3 

7 

8 
9 
10 
16 
18 
20 
21 
22 
24 
25 
27 
28 
29 

30 
Aug.     5 

7 


4i 
I 

I 

s 


5.87 
5.78 
5.82 
5.61 
5.77 
5u89 

5.85 
5.85 
5.84 
5.86 
5.85 
5.63 
5.64 
5.84 
5.88 
5.88 
5.80 
5.80 
5.75 

5.76 
5.82 
5.76 
5.69 


S 


4y 


D.1.86 
U.  7. 17 
U.S.  37 
U.5.89 
U.5.19 
D.2.67 

D.  10. 11 

D.  9.  43 

D.2.43 

D.  7.  44 

U.  1.  45 

U.  1. 70 

D.  3. 60 

I).  6. 99 

D.  10. 79 

D.  10. 79 

0.00 

D.  7. 15 

U.1.89 

U.3.57 

U.2.53 

U.  7.  71 

0.12.54 


i 


1.3 

4,5 

6.7 

7 

^.3,5.6, 

■^'^« 
1,2 

2,3 

3 

4 

4 

5 

6 

6,7 

6.8 

1.2 

2.3 

3,4 

1, 3,  4,  5. 

6,7,8 

5 

7 

5 

6 


216,224 
217,500 
221,360 
21il54 
205,600 
218.466 

219,819 
229,097 
220,848 
223,409 
213,855 
220,134 
222,743 
224,464 
236,635 
215,586 
217, 167 
216,229 
212, 896 

212,  493 
232,231 
216,396 
200,763 


I'd 


» 


aseg 

3.289 
3.347 
3.238 
3,109 
3.303 

a323 
3.464 
a339 
a  378 
a233 
a327 
a368 
a  394 
a  578 
a259 
a273 
a  269 

a  219 

a  213 

a  511 

a  272 
a035 


Date. 


Aug. 


Sept. 


10 

11 

12 
13 
14 

15 
17 
21 
% 
24 

25 

26 

1 

2 

4 

9 

10 

11 

12 

14 

17 


Moan.. 


I 

s 


a  75 
a  76 

5.83 

a78 
a  76 

a67 
a  70 
a72 
a  71 
a68 

a62 
a68 

&66 

aso 
a  61 
a65 
a55 
a  65 
aai 
a58 
a  66 


hi 


^ 


a  75 


D.  0. 07 
D.7.92 
D.  10. 32 
D.  0. 94 
F.0.41 

u.aso 

U.a56 

D.  11.94 

D.2,73 

U.a46 

u.ais 

D.a04 
D.  4. 98 
XT.  4. 03 
IT.  0.68 
D.6.83 
U.  6. 15 
D.a41 
IT.  a  45 
U.a70 
D.2.36 


Sri 

•^  3 

S3  S 

n 

p 

tcS 

8 

^  ^ 

2 
S 

es 

II 

2,3,5.6 
7.8 
2,3.5.6 
1,2,3 
3.4.5.7, 
8 
5,6 

6.7 

1 
3.7 
2,4.5.6, 

7 

1.2 
3 
3 

7.8 

5 

1 

«.6 

5 

6.8 

a.4 

2,5 


218.7 

219,  075 
216,  4«0 
215.733 
209.^19 

213.696 
233,457 
2-21.638 
311,  516 
310.343 

313.607 


319,994 
194,030 

221, 3eo 

198.353 
306^383 
234.33$ 
216.851 
204.396 
206.493 


if 


avr 
am 
a«:3 
a«B 
ai:s 

as3i 

asi 
a  19$ 
ai:§ 

asi 

asGB 
a33i 

2.  to 
a347 

aw 
aiii 
am 
a«:9 
a«« 
a  IS 


I 
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Table  XYlL-^Shawing  the  daily  dUcharge,  readings  of  water  gauge,  and  directum  of  wind 

in  the  Niagara  Rivera  1868. 


Date. 


June 


July 


13 

13 

SO 

23 

83 

34 

25 

36 

27 

29 

30 

1 

8 

3 

6 

7 

8 

9 

10 

11 

13 

14 

15 

16 

17 

88 

23 
S4 
35 

88 

89 


August  3 

4 

5 
6 


8 
13 
14 

15 

18 
19 
80 
81 
83 

84 

85 

86 
27 

88 

31 
Sept      1 


7 
8 


Yotmgstown. 


Oaage, 
feet. 


8.06 
1.99 
1.97 
8.08 
1.96 
1.95 
1.94 
1.96 
8.02 
1.9U 
1.96 
1.93 
1.90 
1.01 
1.95 
1.89 
1.97 
1.93 
1.97 
1.98 
2.00 
8.00 
8.00 
8.06 
3.06 

2.10 

3.31 
8.13 
3.16 

8.10 

8.33 

8.33 

8.38 
8.  .13 
3.38 

3.88 

8.34 
8.45 
8.43 

8.47 

8.46 
3.48 
8.47 
8.45 

3.48 

8.49 

8.50 
3.40 
3.53 
8.60 

3.55 

8.55 

8.51 


8.93 
8.38 

8.60 

ft.  SO 
8.52 

8.55 


Wind,  Diiles 
per  hoar. 


U 4.0 

D 3.5 

D ao 

U 10.4 

U 6.0 

U 4.5 

D 3.3 

D ao 

D 7.9 

D 4.5 

D 3.Q 

D 5.3 

U 4.0 

U 7.8 

U 8.5 

U 10.5 

u as 

U 4.7 

U 3.8 

D 8.3 

U 5.0 

U 3.0 

U 8.7 

b".''.".'.' "i's 

0 

U;"','".\"."5."8 

D 19.3 

b.' ... *.'.'."."  "7."  .V 

D 11.3 

D ia5 

D 10.8 

U 6.4 

0 6.0 

U 3.8 

0 

u a.1 

0 , 

u 9.1 

D 15.1 

Change 

U 9.0 

D 9.8 

D 6l7 

West 

D 9.1 


Bofialo. 


Gange, 
feet. 


1,13 
1.81 
1.94 
1.53 
1.56 
1.58 
1.76 
1.63 
1.49 
1.73 
1.73 
1.68 
1.74 
1.71 
1.78 
1.51 
1.63 
1.81 
1.81 
1.73 
1.78 
1.78 
1.63 

a  01 
1.99 

8:08 

8.16 
1.93 
3.13 

8.06 

8.04 

8.23 

8.34 
8.06 
8.38 

8.08 

1.68 
1.76 
1.03 

1.78 

3.89 
1.98 
8.06 
3.36 
8.30 

8.43 

8.36 
8.31 
8.73 
8.03 

8.19 

8.00 

8.41 


0.43 
8.10 

8.00 

8.31 
8.53 

3.83 


Wind,  miles  per  boor. 


W.S.W 4 

&W 8 

W 4 

N.W 4 

W 3.5 

S.W 8 

N.E 8.8 

W.S.W 3.6 

S.W 10 

&W 3 

S.W 5.0 

W.S.W 4.0 

W.S.W 3.0 

W.8.W 4.0 

W.S.W 3.0 

W.S.W 10.0 

W.S.W 3.0 

N 8.0 

W 2.0 

W 2.0 

S.W 8 

W.S.W 7.0 

W.8.W 4.0 

N.E 8.5 

KE 8.0 

S.E.N 2  J 

N.E 2.5 

S.W 8 

N.E 10.0 

S.W 4 

W.S.W. 4 

(S.S.E 8 

<N.W 4 

(N.E 8 

N.E 8.5 

N.E 8.0 

S 8.0 

<E 8.0 

{W.S.S 4 

W.8.S 11.0 

W 5.0 

W 3.0 

(S.W 18.0 

<  W.S.  W 35.0 

(N.W 35.0 

S.W 4.0 

W.S.W 4.0 

W.S.W 8.5 

N.E 8.5 

N.E 8.0 

CE 8.0 

{W.S.W 3.0 

S.W 3.0 

S.W 3.0 

N.E 4.0 

W.aW 8.0 

5E.N.E 3.0 

iW.S.W 6.5 

N.W.W 3.0 

(B 8.0 

<B 8.0 

(N.E 4.0 

SE.N.E 8.0 

E.byS ao 

S.E 4.0 

(S 4.0 

<S.S.W 13.0 

(N.W 4.0 

CS.E 3.0 

<W.S.W 8.0 

(N.E 8.0 

N 8.0 

8 8.0 

5S.8.W 1.8 

IE 8.0 


Di-Tision. 


10 


8 


] 


9,10 


Discharge, 
cnbic  feet 
peraec'nd. 


314,835 
844, 010 
318, 316 
859,686 
333,503 
304,330 
846,948 
393,323 
387.573 
381, 013 
306,877 
301,  515 
397,  497 
899,993 
311,866 
300,148 
311,  490 
897,753 
894,755 
887,799 
397,960 
361,384 
877,134 
848,116 
879,778 

865,378 

378,583 

344,483. 

300,147 

895,351 

869,476 

871,554 

864,918 
867,164 
853,733 

853,733 

857,880 
850,433 
834,887 

863,753 

839,815 
846,490 
333,343 
833,343 
838,153 

843,764 

346,905 
346,905 
847,033 
847,033 

835,195 

854,036 

853,706 


8«2,831 


848;  973 


844,330 

255,707 
(t)  311, 337 

(f)  300, 671 


Mean  Te- 
locity— 
feet  per 
second. 


3.508 
2.7.^4 
3.689 
2.963 
3.798 
3.471 
3.373 
3.345 
3.281 
3.206 
3.501 
3.439 
3.3U4 
3.433 
3.510 
3.425 
3.554 
3.386 
3.368 
3.383 
3.399 
8.981 
3.161 
3.830 
3.191 

3.085 

3.179 
8.788 
3.435 

3.367 

3.074 

3.007 

3.023 
a  048 
3.894 

3.894 

8.935 
2.857 
3.693 

aooo 

2.736 
8.813 
8.647 
8.647 
8.646 

3.770 

8.817 

8.817 
3.810 
3.819 

2.683 

8.808 

8.804 


8.773 


8.778 


8.787 

8.911 
8.416 

(t)a.430 
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Table  XVII. — Showing  the  daily  discharge,  readings  of  water  gauge,  ^-c. — Continued. 


Date. 


10 
11 

12 

14 
15 
17 


Yonngstown. 


Gna^o, 

feet. 


2.48 


2.50 


2.53 


Wind,  miles 
per  hour. 


U. 


D. 


2.4 


3.7 


2.54  I  TJ 1.1 

2.59  I  D 12.5 

2.64     D 8.8 


Buffalo. 


Gauge, 
feet. 


2.51 
2.46 

2.38 

2.79 
2.09 
2.19 


Wind,  miles  per  hour. 


(S 2.0 

<N.W 2.0 

(S.E 2.0 

(S 2.0 

<S.W 2.0 

(E.N.E 2.0 

SS.S.E 2.0 

S.W 4.0 

N.E 2.0 

E 2.5 

S.W 4.0 

W.byN 4 


Division. 


10 
5 


3 

4 
5 


200,621  I 

199, 019 

I 

339,033  I 

235.865  I 
266,6^4  ' 
908,781 


^314 
2.  St 

2.72; 

S.«lf 
S.>1 


Table  XYIII. — Showing  the  daUy  discharge,  reading  of  water  gauge,  and  direction  of  9cind  u 

the  St.  Lawrence  River,  186S. 


Date. 

• 

! 

fcc 

i 

Wind— miles  per 
hour. 

1 

Discharge — 

cubic   feet    per 

second. 

Mean  velocity — 
feet  per  second. 

1 

■ 

o 
Pz5 

Date. 

I 
t 

a 

6 

Sol 

June  15 

16 

17 

18 

23 

24 

25 

26 

29 

30 

July    1 

2 

3 

7 

8 

9 

10 

11 

13 

14 

15 

20 

21 

24 

23 

24 

3.23 
3.24 
3.35 
3.27 
3.28 
3.11 
3.2-J 
3.38 
3.17 
3.31 
3.28 
3.25 
3.31 
3.12 
3.17 
3.12 
3.2() 
3.21 
3.23 
3.23 
3.23 
2.ft7 
3.02 
2.91 
2.  BO 
3.04 
2.88 
2.96 

D.,  8. 

Calm. 

D.,  7.7 

D.,10.5 

1).,  8.8 

Up,  7.4 

D.,  2.9 

D.,10.6 

D.,  5.9 

D.,  9.0 

D.,11.8 

D.,10.7 

D.,  8.6 

D.,  1.4 

Up,  4.9 

Up,  2.8 

D.,  1.6 

D.,  9.4 

D.,10.0 

D.,  8.1 

D.,  4.8 

Up,  9.2 

D.,  4.6 

Up,  4.3 

Up,  1.9 

I).,  3.1 

D.,  2.0 

D.,  4.5 

0.938 
0. 9812 
0.9C3 
1.0446 
0.949 
0.954 
0.946 
1.016 
1.019 
0.976 
0.988 
0.987 
0.999 
1.023 
0.978 
1.067 
1.110 
1.061 
0.993 
0.987 
1. 012 
0.900 
0.9G36 
1.039 
1.051 
1.025 
0.979 
0.090 

256,301 
268.186 
263,913 
285,530 
259,700 
265,830 
263,484 
278,435 
278,  007 
267, 217 
268,430 
269, 811 
273,  417 
274, 307 
266,917 
290.700 
300,207 
289,655 
271,303 
269,673 
276,  459 
243,  716 
262,066 
281,905 
284,502 
278,  879 
265, 370 
268,891 

1.214 
1.223 
1.247 
1.352 
1.230 
1.263 
1.250 
1.267 
1.314 
1.263 
1.270 
1.280 
1.292 
1.303 
1.265 
1.378 
1.470 
1.373 
1.298 
1.278 
1.263 
1.160 
1.243 
1.344 
1.361 
1.322 
1.265 
1.283 

5 
5 
5 

10 
8 
4 
6 
9 
4 
5 
4 

23 
9 
2 
4 
5 
7 
2 
4 
4 
6 
2 
5 
4 
2 
3 
2 

22 

July  28 
29 
31 

Aug.  3 

5 

6 

10 

13 

14 

18 

20 

21 

22 

24 

25 

26 

31 

Sept.  3 

4 

8 

10 

11 

12 

14 

2.99 
2.92 
2.91 
2.95 
2.77 
2.77 
2.80 
2.91 
a  07 
3.12 
2.78 
2.71 
2.68 
2.76 
2.80 
2.74 
2.74 
2.51 
2.51 
2.62 
2.56 
2.63 
2.71 
2.56 
2.56 

D.,10.0 

Calm. 

D.,  7.7 

Calm. 

Up,  4.5 

Up,5.00 

Up,  2.8 

D.,  3.2 

D..  3.4 

D.,14.0 

D.,  4.7 

Up,  1.0 

Up,  2.2 

D.,  0.5 

D.,12.0 

D.,  5.0 

D.,  8.3 

Calm. 

Up,  5.5 

D.,  1.0 

Calm. 

Calm. 

D.,  3.7 

Up,  4.9 

Up,  1.3 

1.023 
1.007 
l.OOO 
1.041 
1,049 
0.942 
1.047 
0.980 
1.019 
1.022 
1.015 

.983 
0.976 
0.972 

.948 
1.023 
0. 972 

.955 
1.000 
1.016 
1.0360 
1.011 
0.987 
0.936 
0.965 

273,035 
273,383 
271,2lJ7 
9c^2,681 
383,7^3 
254,713 
283.422 
265,tJC0 
277,  416 
27S.555 
274,607 
265.  406 
263,900 
262,867 
2.56.516 
276,10s 
262,568 
259.711 
267.930 

1  273.923 
279,  tJ07 
272.633 

1  266,647 
251,847 
963,153 

1.323  1@ 
1.299    i 
1.1£«    3 
1.347     C 
L3ai    3 
1. 213    T 
L33e    1 
l.ae5    « 
1.311     5 
1  ,^«2    3 
1.3.^    3 
1-274    4 
I.2S3    3 
1.2J9    4 
1.2536    3 
1.3S    3 
l.iSfi    4 
L230    5 
1.290    3 

1.313    C 
1.33S  W 
1.306    5 
1.276    3 
I.SQS    5 
l-2«2i 

25 
27 

Means.. 

2.97 

4 

1 

Me^n  computed  discharge,  271, 673  cubic  feet  per  second. 
Mean  velocity,  1. 2875  feet  per  section. 
Mean  area,  211, 000  square  feet. 

It  will  be  noticed  that  the  force  and  direction  of  the  wind  have  a 
marked  effect  upon  the  amount  of  discharge,  and  that,  except  in  the 
Niagara,  there  is  not  much  change  ironi  any  other  cause,  the  decrease 
due  to  the  slight  fall  in  the  general  level  of  the  river  beinsf  marked  bv 
the  wind  effect. 

The  effect  of  the  wind  on  the  discharge,  form  of  curve,  &c.,  has  been 
left  for  another  year,  when  more  observations  will  be  available. 

The  difference  between  the  mean  of  the  daily  discharge  from  these 
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tables  and  that  obtained  directly  from  the  observations  is  very  small,  as 
will  be  seen  by  a  comparison  of  the  tables. 

The  change  in  the  velocity  and  discharge  at  Niagara  for  the  season  is, 
however,  very  marked,  and  there  are  daily  changes,  which  do  not  appear 
to  be  due  to  the  wind  at  the  place  of  observation. 

It  will  be  noticed,  that  there  are  two  tables  of  velocities  at  this  point, 
one  for  the  first  month,  and  the  other  for  the  remainder  of  the  season. 
These  were  thus  divided,  as  it  was  found  that  during  the  first  period 
there  was  but  little  variation,  while  during  the  latter  the  velocity  and 
discharge  rapidly  decreased. 

In  the  table  of  daily  discharge  are  two  columns,  giving  the  wind  and 
gauge  reading  at  Buffalo.  It  will  be  noticed  that  the  wind  at  Buffalo 
appears  to  have  more  effect  upon  the  discharge  than  that  recorded  at 
the  place  of  observation,  and  that  the  decrease  in  the  discharge  follows 
the  fall  of  the  Buffalo  guage. 

The  explanation  of  this  seems  to  be,  that  between  these  two  points 
are  the  falls  of  the  Niagara,  where  the  whole  body  of  water  pours  over 
in  a  thin  sheet,  as  over  a  weir,  and  that  a  small  difference  in  the  depth 
there  would  make  a  large  difference  in  the  level  below.  In  fact,  Captain 
Eobinson,  an  old  resident  of  Niagara  village,  states  as  the  result  of  his 
observation  that,  one  inch  difference  of  depSi  on  the  crest  of  the  fall  will 
make  a  difference  of  a  foot  in  the  level  belOw. 

This  seems  to  be  corroborated  by  the  fact  that  in  the  winter  of  1866-7, 
when,  on  account  of  the  water  being  blown  back  from  the  mouth  of  the 
river  at  Buffalo  by  a  strong  northeast  wind,  there  was  a  fall  in  the 
level  at  the  ferry  dock  below  the  falls  of  twenty-feet,  the  difference  of 
depth  on  the  crest  of  the  falls  could  have  been  only  a  small  proportion 
of  this,  for,  except  at  the  apex  of  the  Horseshoe,  the  depth  of  water  on 
the  crest  cannot  exceed  three  or  four  feet;  and  though  at  that  time  the 
difference  in  the  amount  of  water  passing  the  falls  was  quite  perceptible, 
the  crest  was  not  uncovered  in  any  part. 

It  is  very  unfortunate  that  accurate  measurements  were  not  taken  at 
that  time,  as  such  a  large  difference  rarely  occurs. 

Between  the  falls  and  Lewiston,  the  points  to  which  steamers  can 
ascend,  the  river  is  quite  narrow,  and  therefore  very  rapid,  and  the 
great  change  of  level  at  the  foot  of  the  falls  is  very  much  decreased;  and 
at  Youngstown,  five  miles  below,  where  the  observations  were  taken, 
almost  the  only  effect  is  seen  in  the  change  of  velocity,  and  therefore  of 
discharge,  as  the  river  almost  immediately  widens  into  the  lake,  and 
very  little  difference  of  level  is  perceptible. 

Thus  we  must  look  to  the  change  of  level  on  the  crest  of  the  falls  for 
the  difference  in  the  daily  discharge. 

It  will  be  seen,  that  when  the  wind  is  southwest  at  Buffalo,  thus 
heaping  up  the  water  at  the  mouth  of  the  river,  the  discharge  is  propor- 
tionally increased,  and  vice  versa. 

Again,  the  fall  of  six  inches  in  the  Buffalo  gauge  makes  a  proportionate 
decrease  on  the  crest  of  the  falls,  thus  notably  decreasing  the  discharge. 

Besides  this  decrease,  arising  from  the  fall  of  water  at  Buffalo,  there 
is,  also,  during  cold  weather,  a  formation  of  ice  above  the  falls,  which 
has  a  tendency  to  check  the  flow  of  water. 

During  the  breaking  up  in  the  spring,  when  large  quantities  of  ice  are 
forced  into  the  river  from  the  lake,  the  water  in  Lake  Erie  is  rapidly 
rising,  while  in  the  lower  part  of  the  river,  as  shown  by  the  gauge  at 
Fort  Niagara,  it  often  remains  at  a  low  stage  till  the  latter  part  of  April 
or  May,  when  it  suddenly  rises  a  foot  or  more  in  a  few  days.  Therefore 
we  see  that  though  the  summer  discharge  is  greater  than  that  at  Ogdeus- 
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burg,  it  probably  is  decreased  enough  in  winter  to  make  the  mean  for 
the  year  sufficiently  smaller  to  allow  for  the  inflow  from  the  watershed 
of  Lake  Ontario. 

This  also  accounts  for  the  slight  difference  noticed  in  the  last  lepoit 
between  the  outflow  of  the  Niagara  and  St.  Clair  Eivers ;  for  the  obser- 
vations at  the  former  place  were  taken  in  August  and  September,  when 
the  discharge  had  only  begun  to  decrease,  and,  as  is  seen  in  the  more 
extended  observations  the  past  year,  had  become  about  equal  to  that  of 
St.  Clair. 

A  few  observations  in  winj^r  would  be  very  interesting  if  it  were 

We  cannot,  therefore,  at  present  directly  compare  the  outflow  of  the 
possible  to  take  them,  but  the  running  ice  would  make  it  very  difficolt 
Niagara  as  observed  with  that  of  the  other  rivers. 

In  the  following  table  are  given  the  outflow  of  the  several  rivers  as 
found  by  floats  in  1867,  corrected  for  difference  of  level  of  water  and  by 
meter  in  1868. 
■ 

Table  XCC. — Showing  the  discharge  per  second  in  the  different  rivers  for  1667  and  1868. 


SUtionB. 


Discharge  in  cubic  feet  peraeeoiii 


1867. 


Ste.  Marie  River 

St.  Clair  Biver 

Niagara  Biver J  2 

St.  Lawrence  River 


89,855 
331,070 


S40.19S 
333,435 


18GBL 


3M.3K 
858  » 


No  observations  were  taken  the  past  year  in  the  Sault  River,  as  it 
tras  thought  that  the  float  observations  could  be  corrected,  so  as  to 
compare  its  outflow  with  that  of  the  other  rivers;  but,  a*s  before  men- 
tioned, the  comparisons  between  the  meter  and  floats  iire  not  sufficiently 
extended  to  deduce  the  law  of  variation.  For  Niagara  the  outflow  ^ 
the  first  and  latter  part  of  the  season  are  given,  the  latter  only  comparable 
with  that  of  1867,  being  taken  during  the  same  months. 

The  outflow  of  1867,  for  the  St.  Clair  and  St.  Lawrence,  will  be  seen  to 
be  about  ten  per  cent,  too  large;  this  again  proves  the  correctness  of 
the  assumption  that  the  floats  give  too  great  a  velocity. 

In  Generals  Huqiphreys  and  Abbot's  report  on  the  outflow  of  the 
Mississippi,  they  give  the  following  formula  for  the  computation  of  the 
discharge  when  the  mid-depth  velocities  are  known. 

V  =  mean  velocity  of  whole  river,  in  which 
Vm  =  mean  velocity  in  each  division. 
VJ  D  =  mid  depth  velocity. 
D  =  depth  of  river. 

(D-15)J. 
a  =  area  of  each  division. 
A  =  area  of  cross  section  of  river. 
The  form  of  the  vertical  curve  being  considered  a  parabola,  the 
coeflicient  h  was  found  equal  to  0.1856,  but  in  the  following  tables  its 
value  will  be  found  for  each  depth  and  is  always  larger  than  that 
amount. 
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Tablb  XX. — Showing  the  nuan  vdodty  as  wmputed  by  General  JSumphreys  and  AhboVe  mid' 

depth  formula,  St.  Clair,  186a 


Section. 


1  1 
22 
2.. 
3.. 
4.. 
5.. 
6.. 
7.. 
8.. 
9.. 


D. 


15 

m 

29 

M 

39 

u 

43 

K 

50 
53 

M 

47 

H 

40 
n* 

28 

9 

15 


V.4D. 


1.420 
a050 
a820 
a  975 

aeoo 

3.750 

a  417 

2.880 
2.316 
1.118 


0.4077 
0.3058 
0.2636 
0.2506 
0.2348 
0.2305 
0.2409 
0.2599 
0.3155 
0.4129 


1,568 
2,904 
7,930 
8,710 
10,060 
10,450 
9,510 
8,155 
5,640 
1,220 


66,147 


V.  i  D.Xo. 


2,226.5 
8,857.2 
30,355.5 
34,622.3 
38,22810 
38,38a8 
32,49Sb7 
23,486.4 
13,069.3 
l,364.i) 


223,081.7 


1.12  V.  6. 


.054 
.046 
.043 
.042 
.040 
.040 
.041 
.043 
.047 
.054 


1.12V.ft.Xa. 


84.67 
13a  58 
340.99 
40Si82 
402.40 
41&00 
389.91 
3Sa67 
26a  08 

05.00 


2,856.12 


Table  XXI. — Showing  the  mean  velocity  as  computed  hy  Generals  Humphreys  and  Ahhofs  mid- 
depth  formula,  Niagara,  1868. 


Section. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


Depli 


21.00 
4a  20 
66.15 
70.95 
60.92 
5&00 
5ai7 
50.00 
4&50 
4a  50 
27.20 


V.^D. 


2.32 
2.23 

a  17 
a  56 
a59 
a70 
a55 
a  44 
a3o 

2.76 
2.06 


0.7190 
0.4760 
0.2150 
0.1980 
0.2140 
0.2230 
0.2290 
0.2350 
0.2390 
0.2390 
0.3160 


1,940 

4,449 

6,106 

13,097 

11,246 

10,338 

9,816 

9,230 

8,953 

8.953 

3,516 

87,644 


V.1.12D.X«. 


4,500 
9,931 
19,356 
46,625 
40,373 
38,350 
34.646 
31,751 
29.545 
24.710 
7,242 

287,219 


1-12  V.  6. 


0.071 
0.057 
0.037 
0.036 
0.038 
0.039 
0.040 
0.040 
0.041 
0.041 
0.047 


1-12V.5.X«. 


137.770 
2Sa993 
225.023 
471.492 
427.348 
40ai82 
392.640 
369.200 
367.073 
367. 073 
165.252 

3,580.545 


684 
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Table  XXn. — Showing  the  mean  velocity  as  computed  by  GeneraU  Humphreys  md  Ahktfi 

mid-d^th  formula,  St  Lawrenosj  1868. 


Section. 

D.ft. 

V.4D. 

b. 

a,  8q.  fL 

V.iDXa. 

h-- 

iT.»X. 

1 

2.50 
4.50 
9.20 
17.00 
21.75 
24.50 
29.40 
46.50 
67.00 
7a  60 
7a  50 
73.00 
66.00 
64.50 
64.00 
65.00 
65.50 
64.75 
61.00 
58.00 
45.00 
36.00 
14.04 

0.4000 
0.4500 
0.5000 
0.6350 
0.9600 
1.3080 
1.4700 
1.5020 
1.5400 
1.SS&0 
1.5200 
1.5020 
1.4800 
L4800 
1.4400 
1.4050 
1.3800 
1.3450 
1.2300 
1.0750 
L0250 
0.8050 
0.7200 

0.8450 
0.6900 
0.  5152 
0.3930 
0.3506 
0.3274 
0.3040 
0.2419 
0.2041 
0.1889 
0.1890 
0.1974 
0.2055 
0.2078 
0.2088 
0.2070 
0.2063 
0.2074 
a  2137 
0.2313 
0.2478 
0.9756 
0.4390 

440 

900 

1,840 

3.390 

4.300 

4.800 

5,800 

9,450 

13,600 

15,700 

15,700 

14,380 

13,250 

12,900 

12,800 

13,000 

13,100 

12.950 

12,200 

10,370 

8,900 

7,120 

4,200 

176.0 

405lO 

920.0 

2153.6 

4214.0 

e27a4 

8526.0 
14193.  9 
2094a  0 
23895.4 
23864.0 
2159S.  8 
19610.  0 
19072.0 
18423.0 
18265.0 
1807a  0 
17417.  7 
15006.0 
11147.  8 
9121  5 
573L6 
3034.0 

0.0767 

aoe92 

0.0596 
0.0522 
0.049-i 
0.0475 
0.04C0 
0.0410 
0.  0.375 

o.a-Ma 

0.0362 
C.0370 
0.0377 
0.0380 
0.0381 
0.0319 
0.0378 
0.0379 
0.0385 
0.0401 
0.0415 
0.0438 
0.0546 

as 

s 

e.j» 

3 

iiaiB 

4 

Im.« 

5 

211 K 

6... 

VS.'S 

7 

'   2m« 

8 

3^19 

9 

S&'i 

10 

SOlK 

11 

»:.3i 

12 

53ii 

13 

ViU 

14 

»&9 

15 

48Ife 

16 

4&7I 

17 

496Lfi 

18 

«L.HI 

19 

4&9 

SM) 

«sa 

21 

3:131 

83 

mM 

23 

S2LS 

Sum 

211,090 

282030.7 

1.0344 

839Lit 

• 

Adding  together  the  products  of  the  values  of  Vm  for  each  dinsioa 
into  their  respective  areas,  and  parting  the  sum  equsd  to  the  mean 
velocity  of  the  river,  multiplied  with  the  total  area,  we  have  the  follow- 
ing equations,  containing  V  and  VJ,  from  which  tie  value  of  V  can  be 
reduced. 

St.  Clair 66147  V  + 2856  .  1VJ=22308L7 

Niagara 87644  V  +  3580  .  0  VJ=2872lM 

St.  Lawrence 21090  V+ 8391 .  9  VJ =282080.1 

From  this,  the  outflow  is  obtained  by  multiplying  these  velocities  by 
the  total  areas.  This  is  given  below  for  each  river,  together  with  the 
outflow  as  obtained  directly.  It  will  be  seen  that  the  d&erence  is  com- 
paratively smalL 

Table  XXIII. — Showing  the  measured  mean  velocity  and  discharge,  and  the  mean  r^eatjf  flv 
discharge  as  computed  by  Generals  Humphreys  and  Abhofs  mid-d^th  formula,  andbifi^ 
formula  containing  the  velocity  at  six-tenths  ihe  depth. 


Station. 


St.  Clair 

Kiasara 

St.  £awT6nce 


Hean  velocity. 


MeaaoTed. 


3.272 
a  119 
1.288 


Computed  from — 


Mid  deptli. 


3.994 
3.203 
1.291 


Six-t«nthB 
depth. 


3.262 
3.150 
1.301 


Diacharge. 


Measnred. 


216, 435 
273,329 
272,095 


Compated  from- 


Mid  depth. 


fel7,88a 
280,757 
272,3^ 


SiX-t«DUl9 

deptb. 


I  have  not  attempted  the  computation  of  the  outflow  by  means  of  tbe 
general  formula  given  by  Generals  Humphreys  and  Abbot,  and  as  flie 
slope  or  inclination  of  the  surface  of  the  rivers  has  not  yet  been  obtained, 
it  is  impossible  to  compare  the  measured  outflow  with  the  general  for- 
mula for  discharge,  as  they  all  contain  this  quality.  I  expect  to  obtain 
this  value  the  coming  season. 
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In  the  following  tables  the  ratio  between  the  velocities  in  the  several 
divisions,  and  the  mean  velocity  of  each  river,  are  given. 

Table  XXIV. — Showing  the  ratio  of  the  velocity  at  each  five  feet  of  depth  in  each  divieion  to 

tJie  mean  velocity  of  the  river  St.  Clair,  1868. 


1st. 

8 

3 

4 

5 

6 

7 

8 

9 

0-100 

100-200 

• 

1 ^ 

0.455 
0.440 
0.463 
0.365 

0.983 

1.002 

0.967 

0.926 

0.854 

0.771 

aft. 

0.715 

1.220 
1.288 
1.238 
1.210 
1.159 
1.122 

1.062 
0.945 
(«9)ft. 
0.744 

1.287 
1.346 
1.317 
1.274 
1.234 
1.175 

1.138 
1.046 

0.894 

43  ^ 

0.840 

L261 
1.287 
1.242 
1.229 
1.202 
L161 

1.120 
1.064 

0.980 

0.920 

0.825 

1.221 
1.226 
1.250 
1.228 
1.196 
1.121 

1.111 
L084 

1.035 

0.926 

0.822 

0.764 

1.043 
1.169 
1.130 
L113 
L079 
1.026 

0.988 
0.918 

0.797 

0.773 

47  ^ 
0.712 

■ 

0.944 
0.996 
0.986 
0.943 
0.894 
0.826 

0.750 
0.663 

0.552 

0.759 
0.794 
0.761 
0.703 
0.629 
0.535 
»ft. 
0.458 

6.343' 

0.340 

0.278 

1 

5 

5 

10 

10 

15 

15 

SO 

20 

25 

35 

30 

• 

30 

35 

35 

40 

40 

45 

45 

50 

50 

Depth  of  meanveloo* 
ify  from  carve. 

7.5 

17.75 

23.9 

25.0 

29.0 

30.4 

27.5 

23.0 

16.2 

10.0 

Batio  to  depth 

0.48 

0.61 

0.60 

0.57 

0.57 

a58 

0.58 

0.54 

0.56 

0.66 

0.437 

0.900 

1.129 

1.183 

1.125 

1.113 

1.006 

0.846 

0.683 

0.3^ 

a72 

0.58 

O.CO 

0.54 

0.58 

0.55 

0.57 

0.58 

0.56 

0.70 

Table  XXV. — Showing  the  ratio  of  the  velocity  at  each  five  feet  of  depth  in  each  ^viHon  to 

the  mean  velocity  of  the  river  Niagara,  1868. 


1 

3 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1-2 

5 

0.608 
0.860 
0.745 
0.670 
0.585 
0.533 
(0. 192) 

0.829 
0.703 
0.748 
0.737 
0.756 
0.653 
0.620 
0.782 
0.772 

0.621 

0.581 

(0.856) 

1.193 
1.012 
L072 
1.183 
L044 
1.030 
1.040 
1.017 
0.948 

0.882 

0.858 

0.790 

0.631 

0.507 

(66.14) 

(0.465) 

1.178 
1.311 
1.099 
1.226 
1.191 
L074 
1.168 
1.194 
1.090 

1.085 

1.055 

a  990 

1. 019 

0.908 

(0.811) 

(0?7M) 

1.365 
L323 
1.228 
1.258 
L225 
1.139 
1.139 
L103 
1.066 

1.038 

0.963 

0.965 

(0. 851) 

(4»W 

(0.830) 

1.373 
1. 346 
1.345 
1.235 
1.181 
1.163 
1.072 
L171 
1.098 

1.008 

(0.931) 

(0.665) 

(4>) 

(a  636) 

1.202 
L271 
L218 
1.237 
1.179 
1.165 
1.159 
1.044 
0.959 

0.858 

0.828 

(s'lr) 
(0. 708) 

L147 
L224 
1.184 
1.109 
1.125 
1.098 
L057 
0.988 
0.884 

0.795 

(0.658) 

1.143 
1.159 
1.076 
1.071 
LlOl 
1.012 
0.996 
1.011 
0.938 

0.732 

(44.4) 
(0.753) 

0.868 
0.877 
0.954 
0.910 
0.840 
0.866 
0.873 
0.719 
0.807 

0.568 

(44-4) 
(0. 516) 

0.788 
0.633 

10 

0.689 

15 

0.753 

SO 

0.635 

25 

30 

0.609 
0.443 

35 

(0.336) 
(0.256) 

(0.$8) 

40 

45 

50 

55 

60 

65 

70 

Depth  of  mean  veloc- 
ity from  curve. 

19.20 

20.00 

40.40 

43.50 

33.00 

34.00 

33.90 

31.20 

30.00 

31.40 

19.70 

Velocity  from  carve. . 

0.91  « 

c0.41 

0.61 

0.61 

0.54 

0.61 

0.63 

0.68 

0.62 

0.64 

0.78 
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If  curves  are  drawn  through  1.,  1.2, 1.3,  0.9,  0.8,  &c.,  we  will  have  the 
relative  position  of  equal  velocities  of  the  current. 

This  method  is  adopted  by  MM.  Darcy  and  Bazin,  in  their  discussion 
of  the  distribution  of  velocities. 

It  will  be  seen  that  these  curves  follow  very  nearly  the  form  of  the 
bottom  of  the  river,  and,  except  in  the  St.  Olair  Eiver,  do  not  bend  toward 
the  center  as  they  approach  the  surface.  The  reasons  for  the  surface 
velocity  of  that  river  being  too  slow  have  been  heretofore  mentioned. 
If  they  were  correctly  taken,  this  form  of  the  curve  would  probably 
disappear. 

In  the  bottom  lines  of  these  tables  are  given  the  ratio  of  the  mean 
velocity  for  each  division  to  the  mean  velocity  of  the  river,  the  depth 
below  the  surface  at  which  the  mean  velocity  is  found,  and  the  ratio  of 
the  latter  to  the  whole  depth. 

From  this  it  will  be  seen  that  the  mean  velocity  will  be  found  at  about 
six-tenths  of  the  depth.  If,  therefore,  in  the  above  mid-depth  formula 
of  Generals  Humphrey  and  Abbot,  we  should  introduce  the  velocity  at 
six-tenths  the  depth  instead  of  one-half  depth,  we  would  find  that  we 
could  dispense  with  the  correction  in  the  second  member  containing 
experimental  quantity,  5,  and  yet  the  velocity  and  discharge  thus  com- 
puted would  be  much  nearer  the  measured  values. 

This  is  done  in  the  following  tables. 

Table  XXVTI. — The  mean  velfx^ty  aa  computed  from  the  velocities  in  the  eeveral  divieione  at 

six-tenths  the  depth,  8t  ClaiVy  186a 


D. 

V.  0.6  D. 

A. 

V.  0.6  DX». 

15.68 
89.04 
39.65 
43.55 
50.30 
59.95 
47.55 
40.77 
97.90 
15w95 

a968 

L390 

8.95 

3.70 

3.89 

3w645 

3.69 

3.95 

8.70 

8.94 

1.11 

1,568 
9,904 
7,930 
8,710 
10,060 
10,450 
9,510 
8,155 
5,640 
1,990 

8,179 

F      [^  '^     J     '  //^             '.  ', 

8,567 

5 

89,341 

3 

33,979 

4 

36,669 

5 

37,899 

6 

30,908 

7 

89,018 

8 

19,633 

9 

1,354 

V 

66,147 

815,770 

Table  XXVIK. — The  mean  velocity  as  computed  from  thevelodtiee  in  the  several  divisions  at 

six-tenths  the  depth,  Niagara,  1868. 


V.  0.6  d. 

A. 

V.  0.6  dxa. 

1 

91. 

4a  19 

66.15 

70.95 

60.99 

56.10 

53.17 

50.00 

48.5 

48.5 

97.8 

9.17 
8.17 
9.98 
3.45 
3.48 
3.55 
3.41 
3.30 
3.90 
9.G9 
1.99 

8,101.5 

4,820 

6,615 

14,190 

19,184 

11,900 

10,635 

10,000 
9,700 
9,700 
3,809 

4,560 

8 

10,459 

3 

19, 713 

4 

48,955 

5 

49,  400 

6 

39,760 

7 

36,995 

8 

33,000 

9 

31,040 

10 .>. 

85,414 

11 

7,560 

94. 968  V— 999, 156. 
V-zJ.  150. 

1 

94,968 

999,156 
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Table  XXIX. — Sluncing  the  mean  reJocih/  as  computed  from  the  vdodtie$  in  iketaerdUn' 

8%on8  at  ttix-tenths  the  depth,  St.  Lawrence,  1868. 


Section. 

D. 

V.  0.6  D. 

^           i 

V.OufiDxc 

1 

3.50 
4.50 
9.90 
17.00 
21.75 
34.50 
29.40 
40.50 
67.00 
7c?.  60 
78.50 
72.00 
66.00 
64.50 
64.00 
65.00 
65.50 
64.75 
61.00 
53.00 
45.00 
36.00 
14.04 

0.400 
0.450 
0.490 
0.635 
0.950 
1.270 
1.420 
1.460 
1.504 
1.4S5 
1.490 
1.460 
1.420 
1.440 
1.397 
1,360 
1.340 
1.312 
1.290 
1.030 
0.980 
0.805 
0.680 

440 

900 

1,840 

3,390 

4,300 

4,i»0 

5.  MM) 

9,450 

13,600 

15.  700 

15,700 

14.3rf) 

13. 2,-10 

13.iMN) 

12.800 

13,000 

13.100 

12, 950 

19,200 

10,370 

8.000 

7,120 

4.300 

\%% 

3 

4D&4 

X      3 

»)!( 

4 

Ml-.: 

5 

«hi* 

6 

ome 

7 

eiftt 

.      8 

tr?:i 

9 

9HSi4 

10 

S3jn.j 

11 

SMit 

IS 

m\i* 

13 

IrcUl 

14 

1«*« 

15 

17!*L» 

16 

ITMI 

17 

ITSiii 

\mA 

19 

IfrH* 

io«n.i 

21 

e:ai 

1            53L( 

33 

,            ftgi< 

1               _ 

Bnxn r ,.T.r 

311,090 

8Maa: 

These  several  values  of  the  velocity  and  of  the  discharge  are  given  in 
Table  XXIII,  and  it  will  be  seen  that  they  differ  from  the  mcasnred 
values  by  a  very  small  amount,  fi^enerally  less  than  those  found  by  the 
mid-depth  formula  of  Generals  Humphreys  and  Abbot. 

The  ratio  of  the  mean  to  maximum  velocity  has  been  very  differently 
estimated  by  different  authors,  and  as  it  is  of  importance  if  we  xrish  to 
attempt  to  deduce  the  mean  from  the  maximum  velocity,  I  have  given 
in  the  following  table  the  relation  as  found  in  the  several  divisions  in 
the  rivers  under  consideration. 


—  -y 

several  rirerSy  1868. 

— J  "- 

w  ~  -  ^  - 

1 

3 

3 

4 

5 

6 

7 

8 

9 

10 

11    « 

1 

St.  Clair 

0.91 
0.69 
0.00 

0.85 
0.80 
0.84 

0.85 
0.76 
0.95 

0.86 
0.82 
0.91 

0.86 
0.81 

0.84 
n  fin 

0.83 

'0.84 

0.86 

0.83 
0.83 
0.B5 

a93 

0.86 
0.90 

If  iaizara 

6.68 

a70 

.... 

St.  lAwrence 

0, 80  1  0.  80 

0.89  ,  0.89 

&fS 

. 



13 

14 

15 

16 

17 

18 

19 

90 

31 

22   !  S 

St  (Hflir 

1 

^{AiTftra 

St.  LAwrence 

0.87 

0.88 

0.87 

0.87 

0.87 

0.88 

aeo 

0.83 

"d."85Ta94'  ft* 

. 

Dubuat  found  the  ratio  varied  from  0.71  to  0.88  in  small  canals. 
Bninning's  observations,  taken  on  the  Ehine  with  his  tachometer  in  1789 
and  1790,  give  it  from  0.80  to  0.96,  the  depth  of  the  river  being  from 
5.15  feet  to  14.40  feet,  and  the  velocity  from  2.19  feet  to  4.86  feet  per 
second. 

Zimenes  on  the  Arno,  with  a  surface  velocity  of  3.294  feet  per  second 
and  a  depth  of  15  feet,  has  a  ratio  of  0.92. 

M.  Defoutaine  obtained  fi'om  0.85  to  0.89  iu  his  observations  on  the 
Rhone. 
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D'Anbuison  remarks  in  this  connection,  that  for  ^eat  rivers  observar 
tions  give  oftener  above  than  below  0.90  for  the  ratio. 

MM.  Darcy  and  Bazin,  in  their  experiments  on  small  canals,  and  feeders, 
find  this  ratio  to  range  from  0.62  to  0.85,  one  or  two  observations  being 
a  little  less  than  the  above. 

But  they  found  the  ratio  was  greatly  affected  by  the  nature  of  the 
bottom,  being  less  as  the  resistance  increased.  Thus  we  find  that,  in  the 
center  divisions  above  given,  the  rati©  is  quite  regular,  while  on  the 
sides,  where  the  bottom  has  more  influence,  it  is  more  irregular. 

The  above  table  gives  about  0i87  a«  the  mean  for  the  deep  water  in 
the  St.  Lawrence,  0.82  in  the  Niagara,  and  0.84  in  the  St.  Clair,  which  is 
rather  smaller  than  most  of  the  European  observations  on  large  streams. 

The  locus  of  the  maximum  velocity  in  flowing  water  is  generally  at  or 
near  tbe  surface,  its  position  depending  on  the  ratio  of  the  depth  to  the 
width. 

In  MM.  Darcy's  and  Bazin's  experiments  for  the  determination  of  the 
distribution  of  velocities,  they  give  a  long  series  of  experiments  in  canals 
of  ditferent  shapes,  the  bottom  being  of  plank  or  covered  with  gravel, 
sand,  cement,  &c.,  and  also  upon  some  large  feeders  in  masonry. 

From  these  observations  I  have  compiled  the  following  tables,  show- 
ing the  distance  of  the  maximum  velocity  of  the  center  fillet  below  the 
surface,  arranged  according  to  the  ratio  of  .depth  to  the  width. 

Table  XXXI. — ShowUig  the  depth  of  the  inarimum  velocity  on  the  center  vertical  heloto  the 

mrfaoe. 

1st.— OB8EKVATI0Na  OX  EXFRKIMENTAL  CANALS. 

[Corapilod  from  MM.  Darcy  and  Bazin's  hydranliqne.] 


Series. 


Form  of  canal. 


Ii^a59-l '  Kectangular 


62-1 1 ilo 

5»-a do 

C5-1 do 

5tM ' do 

63-1 1 do 

63-2 1 do 

61-1 j do 

60-1 1 do 

59-3 ' do 

65-2 do 

5a-2 , do 

63-a I do 

61-2 i do 

62-2 1 do 

6»-l Trapezoidal. 

69-1 do 

59-4 1  Bectau^lar 


67-1. 
63-3. 
66-1. 
55-1. 
65-3. 
62-4. 
58-3. 
61-3. 
66-2. 
68-2. 
68-2. 


I. 


I 


do 

do 

do 

do 

do 

do 

do 

do 

do 

Trapezoidal. 
do 


Character  of  bottom. 


P^uk . . 
Strips  0. 
Plauk  . 
Strips  0. 
Plauk . . 
Stripe  0. 

!!!!do.'.". 


01  apart 
05  apart 
01  apart 


PUnk . . 
...do... 
Stripe  0. 
Plauk . . 
Strips  0. 
Plauk.. 
Strips  0. 
Plauk . . 
...do... 
...do... 


05  apart 
01  apart 
01  apart 


Stri]i8  0. 
Strips  0. 
Striiw  0. 
Cement 
Strips  0. 
Strips  0. 
Plank.. 
Strips  0. 
Strips  0. 
Plank.. 
...do... 


05  apart 
01  apai-t 
05  apart 


05  apart 
01  apart 


01  apart 
05  apart 


■ 

■i 

o 

s 

a 

E 

6 

c^ 

^ 

P4 

•«; 

© 

2 

^ 

S 

a 

a 

«M 

g 

*• 

«B 

o 

k 

5 

5 

.2 

"2 

& 

5 

9 

^ 

& 

& 

^ 

1.988 

0.064 

0.04 

1.207 

1.983 

0.109 

0.05 

0.961 

1.994 

0.134 

0.07 

1.573 

1.992 

0.135 

0.07 

0.756 

1.988 

0.138 

0.07 

0.730 

1.988 

0.144 

0.07 

1.454 

1.088 

0.158 

0.08 

1.336 

1.988 

0.160 

0.08 

0.643 

1.994 

0.180 

0.09 

2.297 

1.994 

0.201 

0.10 

2.501 

1.992 

0.207 

0.10 

1.000 

1.988 

0.215 

0.11 

0.953 

1.988 

0.218 

0.11 

L925 

1.988 

0.244 

0.12 

0.854 

1.988 

0.248 

0.12 

1.702 

1.500 

0.191 

0.13 

0.908 

1.048 

0.133 

0.13 

1.406 

1.984 

0.265 

0.13 

8.318 

0.800 

0.110 

0.14 

L084 

1.988 

0.286 

0.14 

2.199 

1.  994 

0.288 

0.14 

1.464 

1.818 

0.269 

0.15 

8.509 

1.992 

a322 

0.16 

1.295 

1.988 

a320 

0.16 

1.979 

1.988 

0.332 

0.17 

1.248 

1.988 

0.377 

0.19 

1.109 

1.994 

0.380 

0.19 

1.675 

1.580 

0.300 

0.19 

1.188 

1.148 

0.821 

0.20 

L771 

Jfrt't. 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

aooo 

0.000 
0.000 
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Tabus  XXXI. — Continaed. 


Series. 


No.  58-4. 
65-4. 
69-3. 
68-3. 
64-1. 
56-1. 
57-1. 
61-4. 
73-1. 
71-1. 
6»-4. 
68-4. 
73-1. 
69-5. 
73-3. 
74-1. 
69-6. 
64-3. 
71-3. 
73-3. 
71-3. 
74-3. 
73-3. 
73-3. 
71-4. 
7»-4. 
74-3. 
70-1. 
71-5. 
67-3. 
70^. 
70-3. 
7U-3. 
70-6. 
71-3. 
TJ-4. 
74-4. 
70-4. 
71-8. 
71-7. 
73-5. 
67-3. 


Form  of  canal. 


Rectangnlar  . 

Trapesoidal.. 

do 

Rectangnlar  . 

.'.'.'.'..do'.'.'.'.'.'. 

do 

Semi-circular 

do 

Trapezoidal.. 

do 

Semi-circular 
Trapezoidal. . 
Semi-circular 

do 

Trapezoidal.. 
Ki'ctnngiilar  . 
Semi-circular 

do 

do 

do 

do 

do 

do 

do 

do 

Triangular. . . 
Semi-circular 
Koctangular . 

'.'.'.'.'.] do '.','.'.'.'. 
Trianeular. 


Semi-circular 

do 

do 

Trianijular... 
Somi-circular 

do 

do 

Kectangular  . 


Character  of  bottom. 


Plank 

Strips  0. 05  apart 

Plank 

...do 

Stripe  0. 01  apart 

Gravel 

Small  stones 

Strips  0. 01  apart 

PUuik 

Cement 

Plank 

do 

Fine  sand 

Plank 

....do 

Small  stones 

Plank 

Strips  0. 01  ajmrt 

Cement 

Fine  sand 

Cement 

Gravel 

PLnnk 

Fine  sand 

Cement 

Fine  sand 

Gravel 

Plank 

Cement 

Plank 

....do 

...do 

....do 

....do 

Cement 

Plank 

Small  stones 

Plank 

Cement 

....do 

Fine  sand 

Plank 


a 


1.988 
1.993 
1.308 
l.b00 
1.988 
1.833 
l.eCO 
1.988 
1.100 
1.000 
1.381 
1.984 
LOOO 
1.348 
1.360 
1.080 
1.398 
1.988 
1.160 
1.165 
1.180 
1.170 
1.300 
1.180 
1.300 
1.310 
1.300 
0.800 
1.335 
0.800 
1.400 
1.160 
0.980 
1.480 
1.350 
1.400 
1.220 
1.360 
1.3J0 
1.350 
1.350 
0.800 


s 

a 
■«.* 


0.436 
0.'413 
0.375 
0.433 
0.487 
0.394 
0. 453 
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From  these  we  see  that  the  maximura  velocity  of  this  fillet  is  at  the 
sarface,  until  the  depth  is  more  than  two-tenths  of  the  width,  and  that 
for  greater  depths  it  is  nearer  the  surface  the  more  the  form  of  canal 
differs  from  a  rectangle,  that  is,  the  more  the  sides  deviate  firom  a  line 
perpendicularly  to  the  bottom. 
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This  is  also  seen  to  be  independent  of  the  mean  velocity  of  the  current. 
This  is  only  true,  however,  of  the  center  fillet,  for  in  depths  of  which 
the  ratio  is  less  than  two-tenths  the  width,  the  fillets  one-sixth  of  the 
width  on  each  side  of  the  center  fillet  have  their  maximum  velocity 
below  the  surface.  This  is  also  the  most  marked  in  the  rectangular 
canal,  for  in  the  triangular  canal  to  a  depth  of  nearly  one-half  the  width, 
and  in  the  semi-circular,  when  not  over  two-thirds  full,  the  curves  of 
equal  velocity  follow  very  closely  the  form  of  the  side.  Thus  it  would 
seem  that  it  is  mainly  the  influence  of  the  sides  that  causes  the  equal 
velocity  curves  to  curve  inward  as  they  approach  the  surface,  and  that 
the  resistance  of  the  air  has  very  little'eflfect. 

M.  Darcy  also  found  that  the  discharge  from  an  open  rectangular 
canal  of  a  certain  size  and  slope,  in  a  calm  time,  was  jast  one-half  that 
of  a  tube  of  the  same  width  and  doable  height,  with  the  same  slope. 
Thus  showing  that  though,  as  in  that  case^  the  canal  was  deep  enough 
to  cause  the  equal  velocity  curves  to  bend  inward  near  the  surface,  and 
the  maximum  velocity  of  the  center  fillet  to  be  more  than  one-third  the 
depth  below  the  surface,  yet  the  friction  on  the  air  had  no  eifect  on  the 
discharge. 

Now  as  the  rivers  we  are  considering  have  a  depth  of  only  from  two 
to  three  hundredth  of  their  width,  then  if  the  results  of  the  observations 
on  small  canals  can  be  extended  to  large  rivers,  the  maximum  velocity 
should  be  always  at  the  surface. 

The  observations  of  the  past  year  show  that  it  is  certainly  not  below 
five  feet  from  the  surface,  but,  as  before  mentioned,  the  observations 
above  that  depth  are  not  reliable,  and,  therefore,  the  examination  of  this 
question  will  have  to  be  deferred  till  next  year. 

European  observations  on  large  streams  have  also  generally  found  the 
maximum  velocity  at  the  surface  in  calm  weather. 

Hennocque  found  the  maximum  velocity  of  the  Ehine  to  be  one-fifth 
of  the  depth  below  the  surface  in  calm  weather,  but  BrunniDg's  and 
Defontaine's  experiments  on  the  same  river  plabe  it  at  the  surface. 

In  the  canal  du  Ehone  du  Ehine,  it  was  one-third  to  oiie-filth  below 
the  surface,  except  for  about  three  feet  from  the  middle,  where  it  was 
at  the  surface. 

This  canal  was  of  a  trapezoidal  form,  forty-five  feet  wide  and  about 
twelve  feet  deep,  thus  having  a  ratio  of  0.27,  and  thus  conforming  to  the 
Darcy  and  Bazin  observations. 

The  only  exceptions  to  this  rule  I  have  met  with,  are  the  observations 
made  by  General  Humphreys  and  Abbot  on  the  Mississippi.  They  find 
the  general  law  to  be,  that  the  maximum  velocity  is  about  one-third  of 
the  depth  below  the  surface. 

They  also  give  a  few  observations  on  a  small  rectangular  canal  in 
masonry,  a  feeder  of  the  Chesapeake  and  Ohio  Canal.  The  width  was 
seventeen  feet  and  the  depth  7.1  feet,  making  the  ratio  of  depth  to  width 
0.42.  This,  according  to  the  observations  of  M.  Bazin,  given  in  the  pre- 
ceding tables,  would  make  the  maximum  velocity  of  the  center  fillet 
from  one-foorth  to  one-third  the  depth  below  the  surface.  It  was  found 
to  be  at  about  one-third  the  depth.  These  observations  were  very 
carefully  made,  and  were  probably  as  accurate  a  determination  of  the 
velocity  as  could  be  obtained  by  means  of  floats. 

D'Aubuison  says  that  the  bottom  velocity  is  nearly  always  greater 
than  one-half  that  of  the  surface. 

The  bottom  velocities  obtained  from  the  vertical  curves  and  given  in 
tables  are  always  greater  than  one-half  the  maximum  velocities,  but  I 
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think  they  are  taken  too  large.    Dabuat  gives  the  velocities  at  which 
different  substances  will  be  transported  by  water  as  follows: 

White  clay,  at  0.2458  foot  per  second. 

Gravel,  size  of  bean,  at  1.0500  foot  per  second. 

Fine  sand,  at  0.5450  foot  per  second. 

Pebbles,  inch  in  diameter,  at  2.1315  feet  per  second. 

Gravel,  size  of  pea,  at  0.6234  per  second. 

Flint  stones,  size  of  hen's  eggs,  at  3.2809  feet  per  second. 

In  the  St.  Clair  bottom,  velocities  are  given  in  the  tables  as  high  as 
2.7  feet  per  second.  This  would  be  more  than  sufficient  to  carry  tbrwaid 
large  pebbles  and  nearly  enough  to  transport  small  stones. 

Xow  w^e  know  that  the  deposits  in  the  shoals  and  on  the  delta  consist 
mainly  of  fine  sand  and  clay,  and  also  that  the  depth  of  the  river  remains 
nearly  constant ;  therefore,  the  velocity  at  the  bottom  probably  does  nol 
equal  two  feet  per  second. 

But  this  will  be  more  particularly  studied  the  coming  season. 

The  form  of  the  vertical  and  horizontal  curves  has  never  been  agreed 
npon  by  the  hydraulic  engineers  who  have  practically  studied  the 
subject. 

Woltmann,  from  Bmnning's  observations  on  the  branches  of  the  Bbine^ 
and  some  others,  concluded  that  the  vertical  curve  was  a  reversed  par- 
abola, with  its  axis  at  the  bottom. 

Funk,  in  observations  on  the  Wesser,  assumed  it  to  be  logarithmic; 
that  is,  while  the  depths  increase  in  arithmetical  progression,  the  veloci- 
ties diminish  in  a  geometrical  progression. 

Eacourt,  after  a  series  of  observations  made  by  him  on  the  Neva, 
thought  it  might  be  represented  by  an  ellipse,  whose  vertex  is  a  little 
below  the  bottom  of  the  river  and  whose  minor  axis  is  a  httie  below  the 
surface. 

Defontaine,  from  observations  on  the  Ehine  with  a  Woltmann's  meter, 
finds  that  two  right  lines,  one  with  more  inclination  than  the  other  and 
having  their  intersection  at  about  three-fourths  the  depth,  approach  the 
■nearest  to  his  results. 

Eyhlerein  thought  that  by  an  inclined  right  line  the  law  of  decrease 
was  best  shown.  Generals  Humphreys  and  Abbot  found  the  form  which 
agreed  best  with  their  observations  \vas  a  parabola,  with  its  axis  about 
one-third  the  depth  of  the  river  below  the  surface. 

In  expeiiments  on  small  canals,  Bolieau  found  the  cur\'e  to  be  a  para- 
bola with  its  axis  at  the  surface,  and  M.  Bazin  a  reversed  parabola  with 
its  vertex  at  the  bottom  and  of  which  parameter  varied  according  to  the 
nature  of  the  bottom. 

If,  as  it  seems  from  the  table  given  above,  the  velocity  at  the  bottom 
must  be  quite  small  in  order  that  it  may  not  w^ear  away  the  channel, 
then  it  must  diminish  very  rapidly  in  the  last  few  feet  of  depth,  and, 
therefore,  the  curve  which  represents  the  velocities  in  any  vertical  plane 
must  either  be  tangent  to  the  bottom  or  cut  it  at  a  very  obtuse  angle. 

The  generally  admitted  theory  of  flowing  water,  that  the  bottom  being 
moistened  the  horizontal  fillet  nearest  the  bottom  is  retarded  by  the  resist 
ance  of  the  bed,  the  next  by  a  less  amount,  and  so  on  until  equilibrium 
is  reached,  would  seem  to  be  confirmed  by  the  rapid  diminution  of  velocity 
near  the  bottom. 

There  are  several  reasons  why  the  bottom  velocity,  as  assumed  by  dif- 
ferent engineers,  should  be  too  great. 

This  has  been  shown  heretofore  as  regards  the  use  of  floats. 

In  a  meter  one  similar  cause  of  error  may  creep  in  if  great  care  is  not 
taken;  that  is,  the  curve  formed  by  the  line  by  which  tiie  meter  is  sos 
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pended,  and,  therefore,  the  velocity  in  a  plane  much  above  the  bottom 
is  taken  for  that  .near  the  bottom;  and  second,  the  determination  of  the 
coefficient  which  is  assumed  as  a  constant  gives  too  large  a  velocity  for 
a  small  number  of  revolutions  per  second. 

It  seemsj  therefore,  it  is  impossible  to  represent  the  lower  portion  of 
the  velocities  by  any  simple  line;  it  must  be  by  a  curve  whose  vertex  is 
at  or  near  the  bottom,  and,  therefore,  will  increase  rapidly,  and  not  by  a 
straight  line,  nor  by  what  is  nearly  the  same  thing,  by  that  part  of  a  par- 
abola at  some  distance  from  the  focus. 

There  are  two  difficulties  in  attempting  to  find  the  curve  representing 
the  velocities  in  any  plane; 

1.  The  interpolations  for  missing  observations. 

If  there  are  but  few  observations  missing  in  a  large  number  taken, 
then  it  will  make  but  little  difference  whether  we  interpolate  or  not,  for 
it  will  make  but  a  slight  variation  in  the  mean,  but  if  the  missing  obser- 
vations are  numerous,  then  (as  they  must  be  interpolated  either  in  a 
straight  line  drawn  between  the  known  points,  or  on  a  curve)  the  mean 
will  approximate  more  or  less  to  the  line  or  curve  by  which  the  interpo- 
lations were  made. 

2.  In  comparing  velocities  in  planes  where  the  depth  is  different,  if 
we  compare  them  directly,  then  we  will  have  entirely  different  portions 
of  the  curve  opposite^  and  if  we  divide  them  into  equal  parts,  the  veloc- 
ities will  have  to  be  interpolated  in  the  manner  just  mentioned,  and  the 
mean  will  be  of  the  same  form  as  the  line  or  curve  of  interpolation. 

But  as  the  depth  of  the  river  varies  so  much,  we  would  generally  have 
too  few  results  at  the  same  depths  to  eliminate  the  errors  of  observation. 

In  order  to  avoid  these  errors  as  much  as  possible,  tables  B  have  been 
'  computed  from  the  observations  given  in  tables  A. 

The  velocities  are  groui)ed  for  every  three  feet  in  depth  of  the  river 
in  the  central  divisions,  where  the  retarding  influence  of  the  shore  is 
the  least. 

The  only  interpolation  is  near  the  bottom,  when  the  last  observed 
velocity  was  not  taken  on  an  even  five  feet  of  depth. 
'*     These  are  reduced  to  the  nearest  five  feet  by  a  direct  proportion. 

The  means  of  these  groups  will,  therefore,  be  as  near  as  possible  to 
the  true  velocity  at  the  several  depths. 

The  largest  number  of  observations  at  any  depth  will  be  seen  to  be  at 
sixty-five  feet  at  Ogdensburg,  and  forty-five  feet  at  St.  Clair.  These 
two  series  will  be  taken  for  comparison  with  different  curves. 

In  the  first  columns  of  the  following  tables  we  have  these  mean  veloci- 
ties and  in  the  remaining  column  the  several  curves  proposed  by  differ- 
ent engineers  as  mentioned  above. 

3S 
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Table  XXXTT. — CompariBon  of  the  dbeertfed  evb-mirfaoe  velocUyf  at  nearly  the 
river f  wUh  ike  different  verUoai  carves  assumed  bg  kifdrautic  enffineers. 
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From  these  comparisous  it  will  be  seen  that  the  curve  which  approaches 
nearest  to  the  observed  velocities  is  an  ellipse,  its  major  aods  vertical^ 
and  its  minor  axis  at  or  just  above  the  surface.  M.  Hacourt  placed  the 
vertex  of  the  ellipse  a  little  below  the  bottom,  but  I  find  it  a^n^ees  best 
with  my  observations  when  at  the  bottom.  The  minor  axis  should, 
apparently,  be  at  the  surface  in  the  slow,  and  a  little  above  it  in  fast 
velocities. 

The  straight  lines  intersecting  at  six-tenths  of  the  depth,  suggested 
by  M.  Defontaine,  would,  if  the  bottom  velocity  was  a  little  increased^ 
be  nearer  the  observations  than  the  ellipse,  but,  as  I  have  heretofore 
remarked,  I  think  the  bottom  velocity  ought  to  be  rather  diminished 
than  increased  beyond  that  I  have  assumed. 

I  hope  next  year  to  report  more  fully  on  this  point,  as  I  shall  this 
season  study  especially  the  velocities  near  the  bottom  and  the  surfeoe. 

It  has  been  long  known  that  there  was  great  irregularity  of  flow  in 
running  water,  but  heretofore  there  has  been  no  means  of  ascertaining 
the  amount  or  duration  of  these  irregularities  or  pulsations. 

M.  Bazin  eays,  (Hydrauliques,  page  22  and  23:)    The  movement  of 
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water  in  a  canal  is  mnch  more  complicated  than  at  first  appears.  If  we 
observe  the  velocity  of  a  certain  point,  we  very  soon  perceive  that  it  is 
changing  continually. 

These  variations  are  sudden ;  they  oscillate  by  quick  impulses,  and 
are  accompanied  by  little  changes  of  the  surface  level. 

These  continual  fluctuations  have  been  already  noticed,  by  many 
observers,  and  M.  Baumgarten  has  observed  them  upon  the  Garrone  by 
aid  of  a  Woltmann's  meter. 

Appreciable  even  by  such  an  instrument  as  a  meter,  which  has  to  run 
for  a  certain  number  of  seconds  before  giving  any  result,  they  are  much 
more  so  by  means  of  an  instrument  like  the  gauging  tube  of  M.  Darcy, 
which  measures  the  velocity  by  quick  impulses  exerted  during  a  very 
short  time.  They  are  also  mentioned  by  Mr.  James  B.  Francis  in  the 
Lowell  Hydraulics  Experiments,  page  175.  Mr»  John  A.  Bailey,  who  was 
the  engineer  of  the  company  who  laid  the  first  Cuba  telegraph  cable, 
tells  me  that  while  lying  near  the  buoys,  which  were  put  out  near  the 
end  of  the  shore  cable,  about  ten  miles  from  Key  West,  he  has  often 
noticed  them  in  calm  time,  surging  down  so  as  te  be  almost  submerged, 
and  again  rising  so  as  to  be  half  way  out  of  water.  * 

This  would  occur  every  two  or  three  minutes,  and  when  anchored 
between  two  of  the  small  keys  west  of  the  Florida  coaist,  during  a  calm 
night,  he  says,  that  the  steamer  would  every  few  minutes  drag  back  on 
the  cable  with  such  force  as  to  make  persons  standing  on  deck  almost 
lose  their  balance. 

This  seems  te  prove  that  these  pulsations  are  found  in  the  Gulf  stream 
as  well  as  in  small  canals  and  rivers. 

I  am  also  informed  that  the  oil  wells  have  similar  pulsations,  differing 
only  in  being  regular,  the  time  between  maximums  being  from  twenty 
to  forty  seconds  in  different  wells. 

This  is  best  shown  in  the  flowing  wells,  from  which  the  oil  will  rush 
with  great  velocity  for  a  few  seconds,  and  then  barely  overflow,  or,  as 
in  some  wjoUs,  cease  altogether. 

On  the  other  hand,  I  have  not  been  able  to  discover  any  very  marked 
difference  in  the  flow  of  the  artesian  wells  at  Chicago,  where  the  water 
rises  fifty  feet  or  more  above  the  mouth  of  the  well,  though  I  have  not 
yet  been  able  to  put  a  meter  into  the  current. 

It  has  also  been  noticed  that  when  jets  are  thrown  up  from  a  pipe, 
communicating  with  a  reservoir  of  a  constant  level,  that  the  elevation 
reached  by  the  jet  is  never  uniform,  but  oscillates  between  certain  limits, 
these  oscillations  not  being  regular,  but  occurring  at  intervals  of  ten  or 
more  seconds. 

I  have  found  these  pulsations  in  every  stream  I  have  had  access  to, 
and  in  the  following  tables  I  give  a  few  results.  These  were  obtained 
by  putting  a  Morse  register  in  the  circuit;  every  revolution  of  the  meter 
causing  a  dot  to  be  m^e  on  the  moving  paper.  The  mean  point  between 
each  maximum  and  minimum  was  then  found.  The  time  between  each 
of  these  mean  points  was  measured  by  a  scale,  and  the  number  of  dots 
counted. 

These  pulsations  for  St.  Clair  River  are  given  in  the  following  tables, 
as  time  and  revolutions  on  the  maximum  and  minimum  sides  of  these 
points. 

This  method  of  expressing  the  pulsations  does  not  give  the  true  maxi- 
mum and  minimum,  and  I  could  find  no  way  of  putting  in  figures  the 
record  shown  on  the  register  papers. 
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Table  XXXUL^PuUations  in  8t  Clair  Biver,20S  feet  from  haw;  depth  o/Hvfr  23  feei; 

wmd  doum  11.  9  mileBper  hour ,  Augwt  21,  lii68. 
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Tabus  XXXlV—FulsaHfms  in  St.  Clair  Biver,  1,411  fiet  from  hose;  depth  of  river  42  feei; 

wind  up  0.7  miles  per  hour. 
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Table  XXXV. — PuUatUma  in  St  Clair  Siver,  487  feet  from  htue;  depth  ofrirtr  45  feei; 

wind  up  5.0  miles  per  hour,    September  14,  18d8. 
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TabLiB  XXXTL—Mmm  puUatitm  St  Clair  Bhter,  Aufput  21, 1868, 20SfmtJrom  bwe;  dejf^ 

ofrioerf  28  feet;  wind  downy  11.9  mlnper  hotur. 


Depth  below  sar* 
face. 


10  feet 
90  feet 
22  feet 


KAZIMUK. 


S 


35.8 
32.7 
33.1 


n 

p 


10.8 
11.9 
12.6 


o  a 

ll 


3.31 
2.75 
2.63 


-J 

6  ^ 


42.2 
30.8 
25.7 


SCXNIMUM. 


14.1 
13.2 
13.2 


11 


o 

9 


I 


aoo 

2.33 
1.05 


TOTAL  PULSATION. 


78.1 
63.5 
50.8 


Si 

si 
p 


24.1 
25.1 
22.1 


Is 

1^ 


a24 

2.53 
&30 


i 

•eg 

It 


2.845 
2.638 
2.500 


^K^iMt  22, 1868,  1,411  feet  from  base;  depth  of  river,  42  feet;  wind  up,  0.7  miles  per  hour. 


Depth  below  sur- 
face. 


5  feet. 
15  feet 
35  feet 

35  feet 

36  feet 


MAXIMUM. 


46.9 
67.6 
48.9 
23.7 
38.2 


|l 
ll 

P 


13.9 
30.0 
15.5 
12L0 
l&O 


Is 


3.64 
3.38 
3.15 
1.98 
2.02 


s 


42.3 
61.1 
41.3 
19.3 
23.2 


MINIMUM. 


12.9 
19.0 
15.1 
14.4 
17.2 


3.28 
a22 
2.73 
1.34 
1.35 


TOTAL  PULSATION. 


87.6 
128.6 
88.1 
43.3 
61.4 


g'S 

2 


^ 


25.4 
39.0 
27.1 
26.5 
36.1 


a  45 
3.30 
3.25 
1.63 
1.70 


a  049 
2.963 
2.663 
1.666 
1.600 


September  14, 1868,  487  feet  from  base;  depth  of  river,  4Sfeet;  wind  up,  5.0  miles  per  hour. 


Depth  below  sur- 
face. 


5feet 

10  feet 

20  feet I 

30  feet 

40  feet 


MAXIMUM. 


It 


44.2 
38.7 
49.8 
49.9 
28.2 


••-I  9 

I* 


a20 
aoo 

10.5 

11.2 

6.7 


a  o 
Is 


5.39 
4.83 
4.74 
4.49 
4.21 


OS 


36.9 
39.9 
32.2 
37.9 
34.0 


MINIMUM 

B 

TOTAL  PULSATION. 

a  . 

No.  of 
revolutions. 

a  . 

B*^ 

Duration 
seconds 

Duration 
seconds 

^1 

8.50 

4.34 

T?.8 

lao 

4.69 

9.4 

4.24 

7a  6 

17.4 

4.58 

ai 

a98 

81.2 

ia4 

4.42 

10.1 

a  75 

87.7 

21.4 

4.09 

10.3 

aso 

6ao 

17.2 

a66 

o  • 


4.057 
4.026 
a  871 
a  496 

&778 


The  above  table,  however,  shows  the  duration  and  mean  number  of 
revolutions  near  the  maximum  and  minimum. 

The  time  occupied  by  a  pulsation  varies  from  a  few  seconds  to  over  a  min- 
ute, not  appearing  to  be  at  all  regular.  They  are  greater  at  the  bottom 
than  at  the  surface,  and  therefore  cannot  be  accounted  for  on  M.  Bazin's 
theory,  hereafter  noticed,  "as  due  to  the  tumultuous  action  at  the  surface 
caused  by  Mction  on  the  air,"  I  found  that  eddies  made  no  difference 
with  them,  as  in  the  canal  at  Odgensburg  they  were  about  the  same  in 
the  stiller  portions  as  at  the  grating,  where  the  water  forced  through 
from  the  dam.  They  were  also  perceptible  in  the  tail-race  of  a  mill, 
where  the  water  was  quite  shallow,  and  rushing  with  great  velocity  over 
a  strong  bed,  and  in  the  St.  Lawrence  where  the  volume  of  water  is  so 
great  and  the  current  slow. 

Savart  experimented  on  the  form  of  discharge  of  water  flowing  from 
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an  orifice  in  the  bottom  of  a  reservoir,  and  found  that  though  the  \m 
was  of  a  cylindrical  form  between  the  orifice  and  the  contracted  sectua, 
yet  at  a  small  distance  beyond  the  latter  point  a  succession  of  shiinkings 
and  swellings  of  title  vein  took  place,  which  further  became  drops  alter- 
nately large  and  small,  there  being  between  each  drop  a  space  eight  or 
ten  times  its  mean  diameter.  The  form  of  the  drops  oscillated  betwea 
a  prolate  and  oblate  spheroid. 

Thus  we  see  that  water,  when  flowing  freely  from  an  orifice,  imder  a 
constant  head,  is  subject  to  continual  variations  apparently  caused  by 
the  action  of  the  air,  and  it  may  be  that  the  motion  of  the  water  in  tube 
or  open  channels  is  afiected  in  the  same  manner,  and  thus  cause  these 
pulsations.  There  is  another  cause  which  would  perhaps  account  for 
the  large  pulsations,  and  that  is  the  continual  oscillation  of  the  water  in 
the  lakes. 

In  calm  summer  days,  without  any  apparent  cause,  the  water  is  con- 
tinually rising  and  falling.  This  can  be  seen  on  the  sheets  of  the  sell 
registering  water  gauge,  or  in  small  streams  at  the  head  of  deep  haya 
In  the  latter,  if  the  fall  is  not  large  near  the  lake,  the  current  is  contin- 
ually changing  up  and  down;  the  time  of  one  ebb  and  flow  being firon 
ten  to  twenty  minutes. 

These  changes  of  level  have  also  been  noticed  in  the  lakes  of  Switzer- 
land, and  in  the  Caspian  Sea,  so  that  thej-  seem  to  be  incident  to  all 
large  bodies  of  water. 

They  have  been  attributed  to  the  varying  atmospheric  pressure,  boi 
they  are  more  rapid  than  any  barometic  oscillation,  and  they  are  probfr 
bly  more  due  to  disturbances  of  the  crust  of  the  earth. 

Hnmbodlt  was  of  the  opinion  that  earthquakes  were  continually  occor- 
ring  in  all  parts  of  the  world,  and  that  it  was  only  the  larger  ones  whidi 
were  noticed ;  and  astronomical  observers  now  find  that  their  instmmente 
are  subject  to  perturbations  which  are  only  to  be  accounted  for  on  some 
such  theory. 

Bazin  again  says,  (Hydrauliques,  pages  23  and  25,)  ^^  These  irregtdar 
movements  appear  to  be  preferably  produced  in  the  greatest  sections, 
but  it  is,  above  all,  in  the  neighborhood  of  the  surface  that  these  Taiifl- 
tions,  or,  better  called,  perhaps,  the  disturbances  of  the  velocities,  are 
the  most  remarkable.'^ 

And  he  further  says,  "  That  the  changes  in  the  curves  of  equal  veloci- 
ties, seen  in  a  rectangular  tube,  and  an  open  canal  of  the  same  width 
and  half  the  height  heretofore  mentioned,  cannot  be  accounted  for  br 
the  resistance  of  the  air,  but  must  be  due  to  the  interior  movements  of 
the  fluid.  For,  in  a  tube,  the  symmetry  and  invariability  of  the  sec- 
tion establishes  among  the  molecules  a  kind  of  solidity,  which  contrib- 
utes to  make  the  velocity  regular.  In  an  open  canal,  on  the  contrary, 
the  absence  of  pressure  in  the  surface  of  the  current,  the  want  of  sym- 
metry in  the  section,  which  freely  permits  the  augmenting  or  diminishing 
of  the  incessant,  from  which  the  current  is  not  exempt,  favor,  withoui 
doubt,  the  productions  of  these  tumultuous  movements  in  the  superior 
fillets.'' 

Whether,  as  he  seems  to  intimate,  there  are  no  pulsations  in  a  closed 
tube,  I  am  not  able  at  present  to  say,  as  I  have  had  no  means  of  testing 
it,  but,  as  will  be  seen  from  the  tables,  there  is  no  increase  of  the  palsa- 
tions  near  the  surface,  but  generally  they  are  the  greatest  whence 
approach  the  bottom  and  sides,  and  they  seem  to  be  about  the  sajne  in 
the  generally  even-flowing  river  as  in  the  small,  eddying  canal. 

Dubuat,  in  the  course  of  his  experiments  on  the  action  of  water  on 
different  substances  placed  in  his  experimental  canal,  covered  the  bottom 
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of  it  with  a  layer  of  sand,  which  moved  irith  the  water  imder  a  velocity 
of  one  foot  a  second. 

After  some  time  the  sand  presented  a  series  of  beaattfdl  ondDiatious 
or  ridges  0.4  foot  ^iroad. 

The  grains  of  sand^  forced  on  by  the  current,  rose  to  the  top  of  the 
ridges,  and,  after  falling  down  by  their  own  weight  to  the  base  of  the 
next  ridge,  were  again  lifted  to  the  summit ;  he  fotmd  that  half  an  honr 
was  required  for  a  particle  to  traverse  a  complete  ridge,  bo  that  the  rate 
of  motion  would  be  about  twenty  feet  in  twenty-four  hours. 

These  ridges  seem  to  be  the  enect  of  the  pnlBationa,  for  the  formation 
of  the  sand  dunes  by  the  wind  is  probably  due  to  the  fact  that  its  force 
is  irregular,  the  sand  borne  forward  daring  its  greater  velocity  being 
dropped  when  that  velocity  decreaaea;  an  irregularity  in  the  surface 
being  thus  produced,  which  will  cause  greater  resistance  to  tlie  passage 
of  the  next  sand- bearing  current,  and  l^ns  cause  the  deposition  of  more 
particlee  upon  its  surface.  But  more  data  is  required  before  we  can 
reason  intelligently  upon  this  subject. 

In  the  following  table  is  given  the  rain-fall  on  the  water-shed  of  the 
lakes  up  to  December,  18G3.  The  table  is  a  continuation  of  that  given 
last  year : 

Table  XXXVlL—Jlain-fan  in  tht  T^gion  of  Ihc  great  laifs. 


LokM. 

SUtinn. 

1 
i 

i 
1 
f 

1 

\ 

30. 
30! 

i 

sa.a 

30.0 
30.7 
33.31 

3aof 

33.8 

3a.< 

M.3 

28.  la 

30.03 

3a,^ss 

31.N 

SHSfeKMi-i:-.:::::::::::: 

o.om 

Lolio  MighJK.in 

Fort  HowbitI,  Wi« 

as'SS.l'i,:*,,-.::-.-.-.:::::::. 

Mllw»nkeii,WU 

fflrgSSaa,;:;;./..::::::-..- 

Uaokliuo.llich 

.«. 

SaSpffii,^''::::::;::::;::::: 
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Tablb  XXXYIIL— -jBi-^M  day  mmns  of  the  height  •/  the  wOar  for  Hkb  MMral  p{i«  ^ 

ohmxaSUm^  1868. 

The  following  table  gives  the  stage  of  water  for  the  season  at  the  Mr- 
eral  stations,  below  the  high  water  of  1838: 


Bate. 


Jane  11 
16 
21 
26 

July  1 
6 
11 
16 
SI 
26 

Aug.  1 
6 
11 
16 
SI 
96 


to  SO 
to  35 
to  30 


to  10 
to  15 
to  SO 
to  85 
to  30 
to  5 
to  10 
to  15 
to  SO 
to  25 
to  30 
to   5 


WATEB  BBLOW  THE  BIQH  WATEB 

OP  1838.  . 

-a 

o 

• 
CO 

1 

2 

St  Law- 
rence. 

2.02 

3.02 

1.94 

-SL06 

1.96 

1.99 

1.97 

2.06 

1.93 

1.9G 

1.49 

2.08 

1.97 

1.94 

1.91 

SlOS 

1.96 

1.93 

2.02 

1.98 

1.94 

L97 

2.02 

1.98 

1.94 

2.03 

2.09 

1.98 

1.95 

2.10 

2.25 

1.94 

1.96 

2.17 

2L26 

1.92 

1.97 

2.S4 

%34 

1.92 

1.97 

2.36 

2.23 

1.85 

3.02 

2.38 

2.26 

1.84 

2.05 

2.44 

2.31 

1.93 

2.10 

2.46 

2.43 

1.95 

S.14 

2.54 

8.49 

1.93 

2.18 

%2.55 

2.48 

1.89 

Date. 


WATBE  BBUOW  TEE  WSO.  HOM 
OP  1838. 


u        1 


hi 

■ 


Sopt  1  te  10. 
6  to  10. 

11  to  90. 

16  to  25. 

21  to  30. 

96  to   5. 

Oct.  ItolO. 

6  to  15. 

11  to  90. 

16  toss. 

21  to  30. 

96  to   5. 

Not.  1  to  10. 

6  to  15. 

11  to  90. 


8.21 
S.23 
2.18 
2.16 
2.89 
8.33 
2.47 
8.54 
8.41 
2,37 
8.53 
8.64 
8.69 
2.73 
8.79 


8.54 
2.53 


3.3» 
2.47 
9.  SO 
S.61 
&9B 
9L99 
2.94 
194 


^1 


Lfl 
L9 
LI 
LI 
LI 
Lf 
LK 
L8 

ti 

IB 
il 
IB 


In  the  meteorological  report  is  given  the  evaporation  at  alltheknofi 
points.  The  past  year  I  made  as  extended  observations  as  poasiUetf 
the  difference  between  the  evaporation  in  the  river  and  that  on  thelani 
at  the  meteorological  observatories. 

These  observations  were  somewhat  difficult  to  take,  as  the  river  6?ap»- 
rator  had  to  be  careMly  watched  to  keep  it  from  slopping.  As  tke 
water  in  it  was  constantly  in  motion  the  evaporation  was  pro^blyaoiM- 
what  less  than  if  it  had  been  stilly  and,  as  the  evaporation  at  tJieriYV 
stations  was  larger  than  that  at  the  other  stations  on  the  lakes,  the  nt» 
between  the  evaporators  given  in  the  table  is  taken  as  correct  for  A( 
whole  lakes,  though,  on  account  of  the  temperature  being  greater  in  ^ 
river  than  on  the  lake  surface  generally,  it  should  otherwise  be  soim- 
what  reduced. 
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Tabids  ^SXSlX.^Sh&wing  the  difference  between  the  simultaneow  readinga  r>f  an  evaporator 
at  the  meteorological  «to(ioti  and  one  placed  in  the  river  St,  CUUr,  1868. 


Date. 


AvffQfitlO 

11 

12 

12,  (night) 

13,  (night) 
14 

14,  (night) 

15 

16 

17 

18 

W 

21 

21,  (night) 
22 

22,  (night) 
23 


ByAPOBATION. 


Land. 


I 


.065 
.049 
.182 
.119 
.056 
.260 
.062 
.128 
.195 
.199 

287 

.230 
.020 
.190 
.017 
.279 


Rlror. 


.079 
.014 
.137 
.095 
.058 
.125 
>040 
.056 
.105 
.060 

.171 

.151 
.056 
.042 
.028 
.076 


Differ- 
ence. 


+.006 
+.035 
+.045 
+.024 
+.000 
+.135 
+.042 
+.072 
+.090 
+.139 

+.116 

+.069 
—.036 
+.148 
->011 
+.203 


Date. 


AngnBt24 

24  (night) 
25 

25  (night) 

26  (night) 
gg 

28  (night) 

29 

30 

Septe'r    3 

9 

10 

14 

Suma 

Meana 


ByAPOBA.TION. 


Laud. 


.191 
.052 
.180 
.045 
.050 
.181 
.103 
.140 
.186 
.103 
.095 
.167 
.176 


4.039 


.134 


Klver. 


.081 
.030 
.068 
.059 
.017 
.050 
.045 
.046 
.124 
.045 
.026 
.035 
.078 


1.997 


.066 


Differ- 
ence. 


+.110 
+.082 
+.112 
+.014 
+.033 
+.131 
+.058 
+.004 
+.062 
+.058 
+.069 
+.138 
+.006 


+2.042 


.068 


Table  XL. — Shotcing  the  difference  hettoeen  the  simultaneous  readings  of  an  evaporator  at  the 
meteorological  station,  and  one  placed  in  the  river  Niagara^  1868. 


Date. 


BVAPOBATIOX. 


Jvne  19 
80 
21 
30 

Jvly  16 
17 
24 
25 

Amg.    5 

.      24 

25 


Land. 

River. 

.289 

.104 

.189 

.067 

.175 

.074 

.230 

.043 

.304 

.174 

.285 

.060 

.134 

.074 

.310 

.066 

.283 

.080 

.086 

.063 

.218 

.171 

Differ- 
ence. 


+.185 
.131 
.101 
.187 
.130 
.205 
.060 
.244 
.203 
.023 
.047 


Date. 


Anga8t26.. 

98.. 

Septe'r   1.. 

2.. 

8.. 

11.. 

Soma ... 

Meana 


BVAPOBATIOH. 


Land. 


.199 
.177 
.204 
.158 
.152 
.121 


3.523 


.907 


River. 


t069 
.110 
.099 
.116 
.095 
.046 


1 


1.549 


.091 


Differ- 
ence. 


+.  119 
.067 
.105 
.049 
.057 
.075 


+1.961 


.117 
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Tabus  XLI. — Showing  the  difference  between  the  Hmultaneous  readmgs  of  a»  en^Mvirfl 
the  meteorological  station  and  one  placed  in  the  river  St,  Lawrence^  18G8. 


Date. 

Evaporation. 

1 

1 

1 

» 

Date. 

Evaporation. 

1 

Land. 
.1410 

River. 
.0083 

Difference.  ' 

Land. 

Barer. 

Diffenaet 

Jnue  9 

1 
-f.  1327  i 

Aug.  10 

.1048 

.0876 

+01T5 

10 

.1330 

.1137 

.0193  ' 

11 

.0291 

.oxn 

-nO 

11 

.2328 

,0028 

.2300  ' 

12 

.3124 

.1367  1 

+  1:3: 

13 

.3172 

.1480 

.1692 

13 

.2200 

.1992  1 

.«9» 

13 

.26h6 

.1375 

.1311 

14 

.3632 

.1636 

.UK 

14 

.24JP 

.0725 

.1703 

15 

.1960 

.1372 

.fi9» 

15 

.2154 

.0900 

.1254  , 

10 

.1301 

.1083 

.na* 

16 

.  2145 

.1075 

.1070 

1      17 

.1441 

.0686 

.«::: 

17 

.2437 

.0425 

.2012  , 

t       18 

.2300 

.2141 

.& 

18 

.2493 

.1175 

.  1H18 

19 

.1987 

.1028 

.m 

19 

.2635 

.1655 

.0980  1 

20 

.0751 

.0164 

w. 

iW 

.1958 

.  0722 

.1236  1 

I      21 

.1749 

.1377 

.DT: 

'21 

.3964 

.1899 

.2066  > 

22 

.3606 

.IWl 

ATi 

22 

.0131 

.03r2 

—.0241  1 

2:J 

.1283 

.2643 

-.1» 

23 

.1566 

.0410 

+.1156  ' 

!      24 

..  2468 

.1085 

^.05 

24 

.2317 

.2939 

—.0622  i 

1      25 

•  .1847 

.1962 

-.wi: 

25 

.1364 

.1412 

—.0023 

26 

.1400 

.1400 

.m 

26 

.2911 

.1335 

+. 15tC 

1      27 

.3622 

.1588 

4sW 

27 

.2640 

.1689 

.0951 

1      28 

.2416 

.1884 

.(SB 

28 

.2366 

.1158 

.1508  - 

2J) 

.2760 

.1192 

.]» 

29 

.2273 

.1239 

. 1034  . 

1      30 

.2240 

.1373 

.» 

30 

.1344 

.  0659 

.0685  ' 

St'pt.  1 

.2533 

.0314 

.»♦ 

July   1 

.2412 

.1428 

.0984 

2 

.26S0 

.i.'ni 

.UlT 

_  ^ 

2 

.2569 

.1777 

.0792  : 

i       •* 

.1557 

.0618 

.10 

3 

.2692 

.0810 

.1882  • 

1       4 

.0120 

.0378 

■  -^e5c 

4 

.3134 

.0591 

.2543  , 

1      5 

.2203 

.1438 

+.!» 

5 

.4241 

.1481 

.2760  , 

;   6 

.  2412 

.2132 

.m 

6 

.3198 

.0404 

.2794  1 

1   «. 

< 

.1075 

.0457 

1    .m 

8 

.2098 

.1033 

.1065 

;   8 

.1919 

.1115 

.m 

9 

.9793 

.0990 

.1794  1 

!       9 

.0802 

.0375 

+.«s 

10 

.3134 

.0942 

+.2192  ' 

1      10 

.1066 

.0837 

.«0 

11 

.2858 

.1H6 

.1742 

11 

.1885 

.0610 

.1£> 

12 

.2669 

.1391 

.1278 

12 

.1952 

.0854 

.Hft 

13 

.2620 

.1826 

.0794 

13 

.2271 

.1092 

U^ 

14 

.3008 

.1858 

.1150 

14 

.  2107 

.1077 

.10 

15 

.2671 

.1009 

.1662  1 

15 

.3107 

.1704 

.10 

16 

.4067 

.1955 

.2112 

16 

.2734 

.1104 

.K* 

17 

.2294 

.1363 

.0931 

17 

.1514 

.1074 

.M« 

18 

.2586 

.1284 

.1302 

18 

.1087 

.1486 

-^a9 

19 

.1538 

.1051 

.0487 

19 

.1401 

.1480 

-.¥0 

90 

.2142 

.1454 

.0688  ' 

20 

.0890 

.0270 

■i.W 

21 

.4320 

.1136 

.3184  i 

21 

.1290 

.1216 

.ir4 

22 

.3246 

.0806 

.2440 

22 

.1013 

.0430 

.63 

23 

.1621 

.0757 

.0864 

23 

.1167 

.0738 

.00 

24 

.2041 

.2381 

—.0340 

24 

.0619 

.1509 

-^tm 

25 

.2053 

.1235 

+.0818 

25 

.0414 

.0179 

-^•S 

26 

.1603 

.2158 

—.0555 

26 

.1132 

.0706 

27 

.1144 

.0837 

+.0307 

27 

.1018 

.  0551 

•  OC 

28 

.2232 

.1222 

.1010 

29 

.3255 

.0711 

.8W 

29 

.0533 

.0398 

.0135 

30 

.0581 

.0585 

-%»< 

:iO 

.0810 

.1166 

—.0356 

Oct.   1 

.1379 

.0755 

.tSB 

31 

.1875 

.0300 

+. 1575 

2 

.0885 

.03SS 

Aug.   1 

.1470 

.  1112 

.0358 

3 

.1228 

.1055 

2 

.2385 

.0560 

.1825 

4 

.1572 

.0655 

3 

.2715 

.0950 

.1765 

5 

.0564 

.0996 

-^•0 

+.•» 

4 

.3415 
.1922 
.2874 

.1115 
.2175 
.1611 

.2300 
—.0253 
+.1263 

6 

.1393 

.0667 

*9 

6 

SaiUA . . . 

24.2179 

1^2633 

+ML»« 

7 
8 

.2574 
.2852 

.1537 
.0946 

.1037 
.1906 

— 

Meana . . 

0.S069 

a  1133 

4^flL«S 

9 

.2977 

.2321 

+.0656 

I 

1 

The  following  tables  are  similar  to  those  given  last  year,  but  corrected 
according  to  this  year's  observations. 

The  outflow  of  the  Ste.  Marie  is  decreased  10  per  cent.^  and  the  ont- 
flow  ol  the  !Niagara  corrected  for  the  error  arising  from  having  only  mad* 
observations  during  the  summer  months. 

This  correction  was  made  by  taking  the  outflow  for  June  as  masJmrm 
for  the  year,  and  that  the  minimum  was  proportionate  to  the  fall  in  tl» 
water  At  Buffalo. 
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The  amount  of  raiu-iall  is  taken  from  table  XXXVII,  and  the  evapo- 
ration fh>m  the  Report  on  Meteorology)  corrected  by  the  ratio  given  iii 
table. 

The  oatflow  is  a  little  less  than  half  the  total  rain-fall,  and  a  little  more 
thtoi  half  the  rainfall  less  the  evaporation. 

This,  as  noticed  in  tlie  last  report,  is  very  large,  and  would  seem  to 
indicate  other  sources  of  supply. 


SKtioa. 

u 
ft 

I 

i 

i 

i 
i 

i-i 

111 

1 

F 

% 

1 

1 

I*ltoSD     rior 

an'M 

OOTO 

I6.1W1I16M 

ICT386 

mT3P« 

wtro 

0.<3 

lAkua  ft^ilnn  nnd  Baran . . 

0.0003 

IH».K>8 

SecUm. 

|l 

1 

11 

1 

I 

fill 

!1 

1 

38.BTS 

'Si 

0.D33 

D.03I 
0.049 

2.!»0,3TS,a00 

5,  TST,  so*.  BOO 

'  1,  IM,33B,0e5 

an;  OH  973 

wtIooo 

I  wish  to  express  my  thanks  to  my  asaistants  for  the  faithful  manner 
in  which  they  performed  their  duties,  and  especially  to  Assistant  Flint, 
vitiioat  whose  valuable  aid,  in  the  field  and  ofBce,  the  work  would  have 
been  much  less  complete. 

I  hope,  at  the  end  of  this  season,  to  be  able  to  report  more  ftall^  in 
relation  to  the  form  of  the  corves,  the  agreement  of  the  observations 
with  the  old  formula,  and  on  the  pulsations. 
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Table  A.— Daily  oheervati^iufor  velocUy  of  current  iniheSL  Clair  JStver,  1888. 

tibugal. 


Date. 


June    27 

27 

27 


29 
29 
30 
30 
1 
1 


Jvly 


Aug. 


3 
2 

8 
8 

8 

9 

9 

9 

10 

16 

16 

18 

20 

20 

20 
21 
21 

22 
22 
22 

22 

24 
24 
25 
25 

27 

27 
27 

28 

28 
28 
30 
90 

5 
C 

6 
7 

7 
11 

11 
11 
11 
11 

12 

m 

IS 


111 

561 

184 

844 
1,010 
1,155 
1,357 
1,294 
1,204 

1,477 

1,639 

130 

328 

218 
372 
512 
604 
508 
724 
729 
802 
1,002 
942 

955 
1,093 
1,202 

1,211 
1,367 
1,383 

1,458 

1.268 

1,619 

322 

192 

392 

510 
565 
689 

690 
779 
929 
953 

1,349 
958 

1,08? 
1,227 
1,241 
1,349 

1,453 
1,521 
1,734 
1,653 

122 
307 
198 


D 
D 


U 
U 

u 
u 
u 
u 

u 
u 

D 
D 

D 
D 
D 
D 
U 
D 
D 
U 
U 
U 

U 
D 
D 

D 
D 
D 


D 
D 
D 
D 

D 

U 
U 
D 

D 
D 

a 

U 

V 
U 

U 

u 
u 

D 

D 
D 
D 
D 

I> 
D 

U 


L8 
4.35 

1.4 

8.0 

ao 

7.5 

a2 

6.8 
3.5 


r>. 


5 
0 

..  ao 

..10.0 

..  ao 

..9.0 

..  a2 

..10.0 
..  0.71 
-.9.0 
..7.2 
..3.0 
..  2.0 
..  2.0 

..4.5 
..5.0 
.7.5 

..  a3 

..  3.6 
..7.3 


D....12.4 


.10.0 

.lao 

.  6.7 
.  6.2 

.  2.4 

.  1.6 
.  2.4 

.  a9 

.  2.5 

.  a5 

.  5.2 
.  3.2 

.  2.6 
.  5.0 

.11.3 
.12.5 
.1.3. 3 
.  5,0 


.  9.8 
.10.4 
.  9.8 

.  7.1 
.  1.2 
.  0.4 


•c 


3 


8 
45 

21 

55 
53 
53 
45 

48 
48 

38 
27 
10 
41 

30 
42 
45 
48 
43 
46 
46 
53 
54 
54 

52 
51 
46 

45 
42 
41 

38 

45 
29 

38 
23 

43 

43 
44 
47 

47 
52 
54 

54 

40 
54 

51 
48 
45 
44 

39 
30 
10 
29 

8 
37 
22 


eg 
9 


21 
10 

20 

10 
10 
10 
10 
10 
6 

10 
10 
10 
10 

10 
10 
10 

5 
10 
10 
10 

5 
10 

5 

10 

10 

5 

6 


5 


5 


5 


5 


10 

5 
5 
5 

5 

5 

5 

10 

5 
5 


5 
5 
5 


5 
5 
5 


11 
5 
5 


Olwerved  velocity  of  river  at  the  following  depths: 


1.123 
3.875 


3.777 


2.521 

2.880 


2.868 
2.080 
1.473 
3.980 

3.070 
4.042 

a  998 


4.005 
4.295 
4.144 
a  978 


a  707 


a  429 


aS83 

2.TJ6 

4.173 
4.212 


4.168 


a  768 
3.968 

a  541 

4.098 


2.731 


2.959 

2.678 


4.464 

1.880 

3.900 
4.244 
4.032 
a  456 
a  541 
a228 

2.914 
a  114 
1.111 
4.443 

a  158 
4.453 
4.470 
4.331 
4.518 
4.471 
4.501 
4.165 
4.200 


4.127 
4.135 
a  845 

a  944 
a  544 
a462 

a  128 

a  732 

2.701 
4.126 
2.793 

4.119 

4.536 
4.492 
4.266 

4.364 
4.226 
4.248 
4.038 

3.572 
4.112 

a  949 
a  601 
a  498 
a  481 

a  024 
2.933 
1.175 
2.581 

(s) 

1.065 
a  766 
a832 


10 


4.396 

L928 

a  819 
4.264 
a  832 
a338 

a  515 

a  524 

2.828 
2.225 


a  976 

a038 
4.338 
4.524 
4.373 
4.379 
4.381 
4.227 
4.089 
4.239 


4.020 
a  873 

a  778 

a  871 

a  534 
a388 

a  078 

a  858 
2.710 
3^962 
2.738 

a  095 

4.420 
4.267 

4.278 

4.121 
4. 075 
4.0U 
4.018 

a  544 

4.106 

a  914 
a  581 

a  313 

a  378 

2.872 
2.813 


2.279 


a  518 
3.720 


15 


4.187 

1.671 

a  762 
4.148 
a733 
a  159 
a  309 
a  429 

2.471 
1.911 


a890 

a  062 
4. 152 
4.418 
4.196 
4.204 
4.074 
4.221 
4.045 
4.156 


a998 
a  813 
a732 

a825 
a  471 
a226 

2.901 

a  628 

2.6)4 
a  894 
2.246 

a  841 

4.168 
4.297 
4. 215 

a  942 
a  970 
a  9421 
a  836 

a365 
4.133 

a  871 
a  178 
a  341 

a  298 

2.820 
2.555 


2.200 


a  452 
2.604 


20 


a978 

l.ffl7 

a  891 
4.045 
a  620 

a  101 
a  185 
a  216 

2.513 
1.883 


a806 

2.691 
4.034 
4.238 
4.026 
4.060 
4.105 
4.106 
a906 


4.133 

a  828 
a  821 
a655 

a  491 
a425 

a  080 

2.670 

a  598 

3.572 
2.004 

a  744 

4.076 
(a  940 
J4.270 

4.064 

a  703 
a  955 
4.029 
a  699 

a349 
a  972 

a  821 

a365 

a  116 

a229 

2.419 
2.364 


2.072 


a  370 
2. 170 


25 


aoes 


30 


a73i 


a  641 

4.040 
a  436 
2.968 

a  169^ 

2L978 

2.182 
L487 


a439 

3.142 
a  970 
a  948 
a409 
a890 

ag98 

4.035 

a  819 


a  846 

a  814 

a  544 
3.511 

3.421 
a  131 
a  057 

1.8S6 

a  473 

a  051 

a355| 


3.717 

4.089 
ia998 
a  957 

a  645 
a866 
4.017 
a  819 

a  001 

a659 

asao 

a  357 
3.968 
a  049 

aS66 
1.889 


1.548 


aeoo 
a  814 
asoe 

a879 
2.9S9 
a  946 

1.825 


a  114 


a627 

a90o 


a  811 
am 

a682 


a773 

a632 
a  465 
3.347 

a888 
2.775 
3.471 

1.720 

a  301 


a  175 


aesa 
aseo 

a725 
a586 

a6S4 
a773 


a  632 

3.970 
a  670 

a  536 

a  041 

a788, 
2:704 

ao6o 


35 


a  612 


a3S3 

a  718 
a  167 

a  572 
a565 
a643 
(33  ft) 
1.621 


40 


9.SK 


aoM 
asai 

18S4 

a  107 
ai59 
ass 


y 

&ass 

14S 


a  248, 
a506 


ai86 


a  465 


a  057 
a53S 

a  241 

(a) 
1.501 


2.m. 


asn*. 


a  301 


iW 


a588^  aseo,  ass 

I  (m) 

a603{asi6;3Li£i 
a  213  aittiSM 

a  178^  a  965' 

a99Miai 
L679 


a72S 


a  610 


a098 

a  551 
a  511 

a  575 

a283 
a659 


tm 


(r) 
1967 

aei6 


ass 


iJtt 


3.10 


a944iX9K 


a  601  a4ig| 


as3S| 
a  601 

a580 

a  614 
a  710 

a494 


aoooi 

1471 
a075 

a  391 

^^ 

1.9«« 


isai 


3.316  a  91 


\ 
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B^. 

i 
1! 

1 

■c 

■s 

t 

3 

If 

8 
a 

1   ^^ 

0 

S 

,0          .3     1     «     1     ^     1     30 

35 

.. 

45 

A^.     13 

z 

1.S08 

1.100 

!;S 

listi 

l,37» 

1,490 

D-,..  1.5 
U....  0.8 

S.:::Si 

TJ-..,  0.8 

U  . . . .  1. 5 
D..-.  S.7 

s:;:;,H 

S;:::ti 
S::::i! 

0....  4.8 
U-.-,  5.1 

43 

48 
40 

31 

iisi 

4.011 
^543 

3.  mi 

4.SI3 

fllll 
3!  01' 

3.791 

3.S7fl 
3L693 

4.4T0 

1888 
1.895 

4.ais 
i.33e 

3.178 

1345 
4.334 

3.a« 

3.01)1 

3093 
X549 

4.303 

i.joe 

a79 

3.7SI 
1.871 

9.80? 

4.160 
4.331 

3.iMa 

4.314 

4.^4 

a.*a 

4.181 

3.9! 
3l)9l 

3.GG. 

LOT 
3.K 

3.96 

list 

3.04. 

3.  a 

171 

3.6;; 
"aes 

3.90- 
^30- 

3.TW 
ITS 

a7( 

I.9i 
1TO« 

137 

3.3M 

153 
3.48 

1^975 

1351 

1441 
1570 

ii, 

3.39; 

1311 

IS 

1301 

3.691 
1.955 

It, 

iiu 

330; 

1003 

1750 

I.33B 

ai 

160 
3.063 

3830 

1.913 

3I7S 

1150 
1.660 

1347 

It, 

as 
as 

«. 

3.04 

1453 

1383 

X.773 

» 

333 

tm 
1,3m 

1,0« 
110 

m 

1,34 

ins 

IS 

U....  4.8 

g::::'i! 
g::;;5! 

U....  8.0 
J....  0.8 

J....  8.5 

>'.:.'.  §.4 

B"4; 

4« 
« 

30 

48 
48 

45 

SO 

3.fW7 

4:oa 

3.10 
4.119 

307 

1.B3S 
3.85 

3.896 
1898 

1003 
1639 

.™ 

it, 

as 

1303 
1301 

& 

, 

t!« 

. 

1004 

ino 

1577 

1343 

a. 

3.435 

S.B4< 

3T» 

136; 

3:337 
18S8 

3307 

1043 
1191 

1881 

is8o 

1798 
1086 

1151 

3.948 
1749 

18M 

3.  en 

3.701 
306; 

w 

30» 

ii 

1T8< 
3.B98 

4.139 

4.  oaf    4.137 
4.  IK    4.0SI 

iom  s!i4; 

3.660  3-039 
3913  3  854 

1421 

s,i 

1.510 
3.908 

xses 

4.108 

A, 

_1I00 
1406 
1635 

3.  no 
3  ns 

" 

W  U...,  S.0 

iw  D....a5 

.US  D....  15 
4M  D....  iL9 
.0C3.D....  3,1 

^ 

K 

n 

4.087 

a.m 

1936 

1^1 

3.S49 

3.704 

1829 
3.397 

1534 
1139 

3.931 

K 
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Tablb  a. — Dailif  observations  for  volooU^  of  eurrenty  j^. — ^Continnod. 

HOBIZOMTAL. 


Date. 

Distance  ftom  base 
in  feet 

Wind  in  direction 

of  river  in  miles  per 

hour. 

i 

> 

1 

time  ran  in 
minutes. 

Obaer 

ved  vc 
10 

locity  of  river  at  the  following  depthi: 

s 

0 

5 

1 

15 

30 

25 

30 

35 

40 

fi 

July      7 

845 

369 

643 

936 

1,195 

1.300 

1,639 

271 

499 

688 

970 

1,107 

1,354 

1,376 

1,564 

301 

488 

688 

947 

1.093 

1.853 

1,393 

895 

536 

714 

894 

1,181 

1,414 

886 

484 

749 

896 

993 

466 

696 
896 

896 
1,086 

1,086 

1,809 

u....  a6 
u....  a8 

U....  8.7 
D....10.9 
D-...10.9 
D...,11.0 
D....11.5 
U....  1.0 
—  ....0.0 
— ....  0.0 
IT....  8.3 
D ....  0. 6 
D....  0.0 
D....  0.0 
U....  6.6 
U  ....  0. 0 

U.-..  0.0 

U.-..  0.3 
U....  0.4 
D....  1.1 
D....  1.0 
D....  0.0 
D  . . . .  7. 1 
D-...  1.8 
D....  7.0 
D....15.0 
D....18.3 
D....10.0 
V ....  8.8 
XJ....  8.0 
TT....  8.0 
U....  8.0 
TJ....  0.0 
U....10.5 
U....  9.0 
U....  8.5 

D....  1.0 

U....  4.5 
U-...  4.5 

30 
40 
43 
54 
47 
43 
27 
38 
43 
47 
54 
48 
45 
48 
38 
36 

43 

47 
54 
51 
45 
43 

at 

44 

48 
54 
49 
43 
35 
43 
51 
54 
58 
45 
40 
30 

44 

47 
54 

54 

58 

58 

47 

10 

10 

10 

10 

10 

10 

10 

5 

5 

5 

5 

5 

5 

5 
5 

5 

i 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

10 

5 
5 

5 
6 

6 

5 

8.853 
4.741 
4.839 
4.113 
4.028 
a  549 
3.488 

a  817 
4.406 
a994 
4.835 
a  783 
a  470 
8.453 

1 


I 

1 

1 

...... 

29 

a596 
4.108 
4.370 
a987 
a  345 
a639 
a024 
8.83d 

a  336 
a898 
a  970 
a858 
a  674 
a533 
8.860 
1.848 

a  117 

a  917 

a  755 
a  768 
a494 
a403 
8.668 
1.590 

89 

i. 

89 

••«■*• 

29 

39 

89 

39 

89 

Aag.    10 
10 

3.55^ 

a698 

a  681 
a833 

ass9 

a370 
8.488 

......1......*...... 

asM 

a480 
a5K5 

a  301 

8.805 
L981 

1186 
1411 
117S 
8334 

10 

1 

i 
t 

i<i 

10 

10 

ia 

10 

10 

13 

a665 
4.489 
4.884 

4.867 
a858 
a839 

a683 
4.497 
4.889 
4.303 
a690 
a  317 

a  616 
4.359 
4.165 
4.160 
a685 

ao34 

a  172 
4.831 
4.026 
a  957 

a  631 

8.900 

13 

18 

13 



18 

13 

84 

a036 
a8A3 

a  713 

a768 

a  819 
a89S 

81659 
1.770 

8.586 
a  748 
a605 
a7S8 

aeae 
a  881 

81888 

f4 

*a447 

assr 
a  501 

aS65 
8.810 
1.569 

84 

84 

84 
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Office  Lake  Subvey,  JiiZy  1, 1869. 

Sib  :  I  have  the  honor  to  submit  the  following  report  on  the  meteor- 
ology of  the  lakes  for  the  past  year. 

Tables  A  show  the  maxima,  minima,  and  mean  of  the  barometer  and 
thermometer,  and  the  amount  of  rainfall  for  the  months,  seasons,  and 
years,  for  each  year  since  the  commencement  of  the  observations. 

In  the  following  table  I,  is  given  the  mean  and  range  of  the  temper 
ature  at  each  of  the  stations  which  are  arranged  according  to  ^eir 
respective  latitudes. 


Tabt.k  I. 

gtAtioiiA 

Latitude. 

Longitude. 

Temperature. 

Mean. 

SngB- 

Ontonairon 

O         t         » 

46    S3    30 
46    46    30 
46    3»    51 
45    03    13 
44    15    57 
43    55    00 
43    15    00 
43    13    54 
43    05    00 
43    03    00 
43    53    00 
43    19    58 
41    53    36 
41    30    00 

O         t         If 

89    30    30 
92    U3    38 
87    22    57 
83    02    34 
83    30    54 
75    57    00 
79    55    00 

77  51    00 

86  12    53 

87  55    00 

78  55    00 
83    00    00 
83    19    26 
81    47    00 

o 
38.8 

3ai 

41.3 
42.5 
44.2 
45l5 
47.2 
47.6 
47.6 
46.1 
46.9 
4&1 
49.5 
49.7 

u; 

Sopcrior 

□; 

Iffut^uette 

ns 

Thnnd^^r  Bay  lakuid 

i» 

Tawas  Citv  ' 

lU 

Sackett'fl  Harbor 

» 

Fort  Niagara.  ..* 

111 

Charlotte 1 

m 

Granil  Havftn 

vi 

Milwaukfw r 

a 

BofTalo 

lis 

Detroit 

ii: 

Monroe  City 

£B 

Cleyeland 

m 

In  Table  II  the  stations  are  arranged  according  to  their  heights  above 
the  sea,  and  the  mean  and  range  of  the  barometer  given  for  each  place. 


Table  II. 


Stationa. 

Height 
above  the 
sealeveL 

Barometer  +  S  tBebci. 

Mean.            Bui^- 

Marquette 

710 
660 
630 
629 
610 
591 
588 
583 
;569 
503 
551 
279L5 
365.6 
263.5 

L260 
L304 
L306 
1.336 
1.355 
L35e 
L369 
1.353 
LSS6 
1.374 
L387 
L703 
L695 
L741 

191 

Superior 

il.4 

Ontonagon 

isa 

CJlftveland 

Lsn 

Thunder  Bay  Island 

&0S 

Hilwankee .". 

tm 

Orand  Haven , 

tm 

Tawas  City 

iSS 

B^fWo 

il3l 

Detroit 

lie 

Monroe  Citv  -...,,  r , .  u 

&C98 

Charlotte  

&ai 

Sacket's  Harbor 

tut 

Fort  Niagara 

ilil 

Tables  G  are  condensed  from  tables  B  and  show  the  maxima,  miniina} 
and  mean  of  the  observations  for  the  whole  time  observed. 

Tables  III  have  been  compiled  from  the  reports  of  the  Smithsoniaa 
Institution  and  of  Toronto  and  other  meteorological  stations ;  and  they 
show  the  mean  monthly  and  yearly  temperature  for  a  series  of  years  at 
a  namber  of  places  in  the  neighborhood  of  the  great  lakes.  Tliey  are 
graphically  represented  in' the  accompanying  sketches  on  each  of  whieh 
the  isothermal  curves  for  two  months^  half  a  year  apart^  are  given. 
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Though  the  observations  are  not  taken  at  enough  places,  nor  gener- 
ally extended  through  a  sufficient  number  of  years  to  g'ive  the  differeow^ 
of  temperature  with  a  great  deal  of  accuracy,  yet  we  can  see  from  the 
•  tables  and  sketches  the  great  influence  the  lakes  have  npon  the  tamper 
ature  in  their  vicinity. 

The  tables  also  show  another  effect,  which  it  was  almost  impossible 
to  show  by  the  curves  on  so  small  a  scale ;  that  is,  the  higher  temperatore 
in  winter  and  lower  in  summer  of  places  on  the  lake  shore  cx>in)Mred 
with  that  of  places  twenty  or  fifty  miles  inland. 

The  general  form  of  the  curves  for  the  seasons  will  be  seen  to  be  about 
as  follows  : 

Winter — January^  February^  December, — ^The  first  three  curves  rise 
a  little  near  Lake  Superior,  and  then  drop  toward  the  eastern  eod  ol 
Lake  Ontario.  The  next  two  or  three  rise  rapidly  and  pass  through 
the  northern  part  of  Lakes  Michigan  and  Huron,  and  then  slightly  dmp 
toward  the  eastern  end  of  Lake  Ontario.  The  next  is  inflected  ueariy 
the  same  but  in  less  degree,  and  the  lower  nearly  straight. 

Sprinff — March^  Aprilj  May. — The  upper  and  lower  curves  are  abont 
the  same  as  those  of  winter,  but  the  center  ones  have  a  tendency  to 
drop  round  the  south  end  of  Lake  Michigan,  and  then  rising  in  the 
lower  peninsula  of  Michigan,  drop  again  round  Lake  !Erie,  and  tben 
rise  parallel  to  Lake  Ontario. 

Summer — JunCj  July^  August. — The  first  cur\'es  pass  near  the  westend 
of  Lake  Superior,  then  drop  round  the  south  end  of  Lake  Huron  and 
rise  to  the  eastern  end  of  Lake  Ontario.  In  the  middle  curves  the 
deflection  round  the  south  end  of  Lake  Michigan,  the  rise  between  Lakes 
Michigan  and  Huron,  and  the  further  deflection  round  Lakes  Erie  and 
Ontario,  are  more  marked  than  in  the  spring  curves.  Tlie  lower  corves 
are  nearly  parallel  to  the  lines  of  latitude,  but  slightly  inflected,  the 
same  as  the  middle  ones. 

Autumn — September^  October^  November. — Tlie  higher  curves  riseslightlr 
toward  the  western  end  of  Lake  Superior,  then  drop  north  of  Lake 
Huron  to  the  eastern  end  of  Lake  Ontario.  The  next  rise  rapidly;  pass- 
ing through  the  northern  part  of  Lake  Michigan,  are  deflected*  down- 
ward to  Lake  Erie,  and  rise  again  tQward  tSie  eastern  end  of  Lake 
Ontario.  The  next  are  slightly  inflected  in  the  same  manner  sis  the  last, 
and  the  lowest  are  nearly  straight,  bending  a  little  south  in  the  center. 

Thus  the  effect  of  these  large  bodies  of  water  is  to  depress  the  summer 
and  to  elevate  the  winter  curves,  making  the  climate  in  their  neighbor 
hood  more  equable. 

It  will  be  noticed  that  some  of  the  summer  curves  run  almost  all  around 
Lakes  Michigan  and  Erie,  while  the  winter  curves  rise  far  up  into  the 
lower  peninsula  of  Michigan.  This  shows  why,  as  has  long  been  known 
to  agriculturists,  wheat  and  corn  can  be  as  easily  raised  in  the  northern 
portion  of  this  i)eninsula  as  two  or  three  degrees  of  latitude  to  the  south, 
in  Central  Illinois  or  Ohio. 

Cleveland,  which  is  about  sixty  miles  south  of  Detroit^  has  nearly  the 
same  mean  temperature,  while  Buffalo,  which  is  about  forty  miles  north 
of  Detroit,  has  its  mean  temi>erature  nearly  three  degrees  less. 

I  hope  at  some  future  day  to  have  fuller  records  of  the  tenii)eraturr. 
and  may  then  be  able  to  correct  some  of  the  irregularities  of  the  present 
curves.  "^ 

In  Table  IV  will  be  found  the  continuation  of  record  of  daily  evap- 
oration for  the  past  year,  that  for  the  winter  months  being  comput«i 
from  the  temperature  according  to  the  method  adopted  in  the  last  report. 
As  mentioned  last  year,  these  evaporators  are  usually  placed  on  top  of 
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the  meteorological  Louse,  and  are  fully  exposed  to  tbe  sun.  The  tem- 
perature of  the  water  is,  therefore,  greater  than  that  of  the  lake  surface, 
and  the  evaporation  proportionately  large. 

From  the  few  observations  made  in  1807,  I  estimated  the  evaporation 
from  the  lake  surface  to  be  sixty-four  per  cent,  of  that  recorded  by  the 
evaporators.  The  more  extended  observations  made  this  year  show 
that  that  estimate  was  too  large. 

In  Tables  XXXIX,  XL,  and  XLl  of  my  report  on  the  out-flow  of  the 
lakes  for  18G8  are  given  the  simultaneous  readings  of  an  evaporator  placed 
as  usual  at  the  stations  and  one  in  the  river. 

In  the  St.  Lawrence  the  river  evaporator  was  so  protected  that  con- 
tinuous readings  could  be  taken,  but  at  the  other  places  the  incessant 
passage  of  steamers  made  it  very  difficult  to  keep  the  evaporator  from 
being  disturbed  by  their  waves,  and  on  a  great  many  days  the  readings 
were  rendered  worthless.  But  tliere  are,  I  think,  enough  results  to 
show  that  the  river  evaporation  is  about  one-half  that  in  the  ordinaiy 
evaporators. 

The  temperature  of  the  water  in  the  rivers  is  generally  higher  than 
the  lake  surface,  and,  therefore,  the  evaporation  should  be  greater,  but 
the  evaporation  recorded  at  the  river  stations  is  for  some  reason  greater 
than  that  recorded  at  the  stations  on  the  lakes,  so  that  the  excess  will 
probably  balance,  and  I  have  therefore  taken  fifty  per  cent,  of  the 
evaporation  as  recorded  in  Table  Y  as  the  true  evaporation. 


Tarlk  IV. — Mean  daily  evaporation  for  each  month  in  decimals  of  an  inch, 

BUr&RIOB,  WIRCOXSIN. 

[For  the  montliH  of  Jauiuiry,  Fobniary.  March,  April,  Xovember,  and  DeconilKT  tho  c'vaiM)L*ation  was 
oompnted  from  the*  moan  temperature.] 


Year. 

Jon. 

Feb. 

Mar. 

AprU. 
0.034 

May. 

Jane. 

Jaly. 

Atig. 
0.117 

Sept. 

Oct. 

Nov. 

Dec. 

Mean. 

1802... 

0.009 

0.007 

0.023 

0.116 

0.124 

0.136 

0.098 

0.045 

0.027 

0.021- 

0.06:3 

1863.. 

0.019 

0.014 

0.023 

0. 039 

0.120 

0.175 

0.135 

0.100 

0.095 

0.046 

0.029 

0.020 

0.075 

1864... 

0.014 

0.020 

0.023 

0.036 

0.127 

0.168 

0.145 

0.135 

0.083 

0.049 

0.029 

0.010 

0.070 

1865... 

0.011 

0.019 

0.022 

0.035 

0.127 

O.IJO 

0.159 

0.135 

0.134 

0.052 

0.038 

0.011 

0.0T3 

1866... 

0.010 

0.009 

0.017 

0.036 

0.110 

0.145 

0.161 

0.099 

0.090 

0.068 

0,031 

0.015 

0.006 

1867.. 

0.008 

0.013 

0.013 

0.039 

0.103 

0.172 

0.183 

0.159 

0.082 

0.058 

0.032 

0.012 

0.074 

Ifi68. . . 

0.008 

0.010 

0.027 

0.033 

0.049 

0.143 

0.13d 

0.135 

0.071 

0.078 

0.030 

a  017 

0.061 

Mean. 

0.011  !  0.013 

0.022 

0.036 

0.107 

0.151 

0.151 

0.138 

0.093 

0.056 

0.031 

0.016 

0.069 

OKTOXAGON,  MICHIGAN. 

[For  the  months  of  January,  February,  Miirch,  April,  May,  November,  and  December  tlie  evapora- 
tion vraa  computed  from  the  mean  temperaturo.] 


1861.. 

0.100 
0.101 
0.090 
0.085 

0.074 
0.090 
0.101 
0.083 

0.032 
0.030 
0.031 
0.031 

0.019 
0.024 
0.023 
a  016 

1862.. 
1863.. 
1864.. 
1865.. 

0.013 
0.023 
0.015 
0.015 

0.008 
0.018 
0.0:20 
0.01:1 

0.033 
0.023 
0.022 
0.022 

0.035 
0. 042 
0.  (136 
0. 036 

0. 047 
0. 052 
0. 050 
0.119 

0.129 
0. 1.36 
0.200 

0.144 
0.110 
0.2G2 

0. 121 
0.074 
0.093 

0.064 
0.062 
a  075 



*  1            'i 

Mean 

1          1          ! 

1 1 

.«._.-. 

....... 

"'"■■" 

MILWAUKRB,  WISCONSIN. 

[For  the  month.s  of  January,  Febniary,  March,  November,  and  December  the  evaporation  was  com- 
pated  from  the  mean  temperature.] 


1862... 

0.020 

0.019 

0.032 

0.112 

0.153 

0.179 

0.204 

0.197 

0.142 

0.088 

0.038 

0.031 

0.102 

1863... 

0.030 

0. 031 

0.031 

0. 131 

0.122 

0.178 

0.164 

0.153 

0.135 

0.049 

0.040 

0,029 

0.091 

1864... 

0.019 

0.026 

0.031 

0.079 

0. 21H 

0.238 

0. 173 

0.151 

0.071 

0.041 

0.039 

0.021 

0.0S0 

1865. . . 

0.019 

0.027 

0. 032 

0.144 

0.143 

0.156 

0. 1C5 

0.157 

0.079 

0.060 

0.044 

0.023 

0.087 

1866... 

0.0-JO 

0.019  1  0.027 

0.150 

0.182 

0.189 

0.229 

0.135 

0.091 

0.074 

0.051 

0.023 

0.098 

1867... 

0.017 

0.027  1  0.026 

0.114 

0.098 

0.210 

0. 211 

0.218 

0.155 

0.095 

0.073 

0.026 

0.107 

1868... 

0.017 

0. 021     0.  036 

1 

0.127 

0.133 

0.207 

0.221 

0.161 

0.091 

0.046 

0.037 

0.022 

0.093 

Mean  . 

0.020 

0. 023  1  0. 031     0. 123 

1 

0.150 

0.194 

0.108 

0.168 

0. 109  ,  0.  065 

0.046 

0.025 

0.005 
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Tabus  IV. — Mean  daily  evaporation,  ^c. — Continued. 

TAWA8,  UICUICAN. 

(For  tho  montha  of  January,  February,  March,  April,  Norember,  and  December  the  evapcmlimwM 
•omputed  from  the  mean  temperatnre.J 


Year. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec   Mmd. 

1861... 

0.039 
0.093 
0.101 
0.139 
0.170 

0.045 
0.064 
0.072 
0.101 
0.157 

0.047 
0.035 

a(m 

0.036 

aoci9 

0.033 

ao30 

O-OSii 
0.033 

aoas 

1863... 
1863... 
1864... 
1865... 

0.021 
0.088 
0.033 
0.019 

0.091 
0.035 
0.036 
0.083 

0.039 
0.038 
0.033 
0.031 

0.039 
0.040 
0.039 
0.043 

0.144 
0.151 
0.8J3 
0.316 

0.165 
0.148 
0.305 
0.334 

0.171 
6.167 
0.336 
0.210 

0.172 
0.133 
0.316 
0.336 

&i« 

Moan. 

0.033 

0.024 

0.089 

0.040 

0.179 

0.185 

0.193 

0.187 

0.113 

0.098     a  039 

aoss 

a«M 

THUNDSB  BAY  ULAND,  MICHIGAN.  ^ 

[For  the  months  of  January,  February,  March,  and  December  the  evaporation  was  computed  fam 
the  mean  temperature.] 


1861... 

0. 184 
a333 
a  158 
0.199 
0.183 

0.119 
0.147 
0.138 
0.119 
a  140 

■ 

0.131 
0.155 
0.084 
0.083 
0.149 

0.105 
0.075 
0.100 
0.060 
0.133 

a03S 

ao30 

0.K4 
0.091 

180S. . . 
1863... 
1864... 
1865... 

0.083 
0.038 
0.033 
0.019 

0.030 
a084 
0.034 
0.034 

0.030 
0.036 
0.096 
aO30 

a  130 
0.141 
0.137 
0.155 

0.140 
0.136 
0.141 
0.151 

0.305 
0.197 
a  191 
0.150 

0.187 
0.809 
0.187 
0.193 

CL114 

•  w 

&11J 

Mean. 

0.033 

0.033 

0.038 

0.141 

0.J43 

0. 186     0. 194 

0.190 

0.131 

0.118 

0.006     Q.OS 

iW 

DBTBOrr,  mCHIOAN. 

[For  the  months  of  January,  Febroary,  March,  and  December  the  ovaporaUon 
the  mean  temperature.] 


1861... 
1863... 
1863... 
1864... 

0.034 
0.034 
0. 031 
0.035 

0.030 
0.035 
0.027 
0.039 

0.031 
0.033 
0.031 
0.033 

0.141 
0.133 
0.145 
0.134 

0.163 
0.307 
0.307 
a  183 

0.230 
0.191 
0.184 
0.340 

0. 238     0. 168 
0. 303     0. 230 
0. 191     0. 153 
0. 314     0. 199 

am 

0.134 
0.133 
0.111 

0.063 
0.095 
0.081 
a  048 

0.043 

aoso 

0.043 
0.038 

0.(^  i 

aos 

Q.0fi' 

aoss 

Mean. 

0.038 

0.033 

0.033 

0.13d 

0.189 

0.304     0.211     0.189 

0.119 

0.073 

0.043  i  a033| 

computed  fxMi 


air 

O.IU 
ftW? 


MONSOB,  MICmOAK. 

[For  the  months  of  January,  February,  March,  November,  and  December  the  evaporation 
putod  from  the  moan  temperature.] 


ma  coae- 


1863... 
1864... 
1865... 
1866... 
1867... 
1868... 

Mean  . 


0.031 
0.026 
0.023 
0.034 
0.034 
0.033 


0.035 


0.029 
0. 031 
0.039 
0.036 
0.034 
0.034 


0.039 


0.033 
0.033 
0.039 
0. 0.33 
0.033 
0.040 


0.035 


0.095 
a0d5 
0.136 
0.199 
0.144 
0.151 


0.133 


0.200 
0. 183 
O.lCl 
0.188 
0.144 
0.133 


0.169 


0.303 
0. 344 
0.219 
0.305 
0.3j8 
0.183 


0.197 
0.330 
0.161 
0.203 
0.186 
0.308 


0. 313  0. 197 


0.308 
0.173 
0.161 
0.140 
0.180 
0.134 


0.1G5 


0.133 
0.130 
0.141 
0.099 
0.130 
0.103 


0.130 


0.074 
a068 
0.087 
0.076 
0.104 
0.081 


0.083 


0.075 
0.039 
0.040 
0.041 
0.043 
a  Ml 


0.046 


a033 
a037 
a029 

aott 
aos 


•  11! 
•.Itf 
Oiltf 


o.on  1  a«s 


0.0^9  <  I-IM 


CLEVELAND,  OHIO. 

[For  tlip.  mouths  of  January,  February,  March,  and  December  the  evaporation  wa«  computed  frm 
the  mean  temi)orature.] 


1861... 

0.180 
0.193 

0.163 
0.195 

0.105 
0.133 

0.059 
0.077 

0.048 
0.065 

0.037 

1  ,••••• 

1863... 

0.037 

0.037 

0.033 

0.139 

O.liK 

0. 163 

0L035 

a  10 

1863.. 

0.033 

0.039 

0.033 

0.104 

0.187 

0.  188  1  0. 159 

0.163 

0.081 

0.030 

0.040 

a034 

aow 

1864... 

0. 037 

0.030 

0.035 

0.087 

0. 13-B 

0. 158  '  0. 173 

0.139 

0.0c« 

0.043 

a048 

ao*»   as 

1865. . . 

0.031 

0.027 

0.039 

0.091 

0. 125 

0.165 

0.138 

0.113 

0.083 

0.053 

0.031 

ao3s' 

1866... 

0.036 

0.038 

0.033 

0.130 

0. 134 

0.159 

0.173 

0.104 

0.063 

0.051 

0.034 

o.otf 

1867... 

0.031 

0.035 

0.032 

0.104 

0.100 

0.141 

0.161 

0.158 

0.113 

0.055 

0.043 

O.0S9 

1868... 

0.033 

0.035 

0.040 

0.109 

0.03d 

0.130 

0. 166 

0.113 

0.083 

0.045 

0.044 

0.QU 

Mean  . 

0.036 

0.038 

0.035 

0.107 

0.133 

0.157 

0.168     0.141     0.091 

1 

0.054 

a  044 

a  031 

aaN 
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Table  V. — Showing  the  corrected  daily  evaporation^  daily  amount  ofrain^  and  mean  lemji^ra- 
ture  at  the  several  lake  survey  meteorological  stations  for  different  years. 


BUPEBIOB,  WI8COX8IN. 

THUNDKR  BAT  ISLAND,  MICHIGAN. 

• 

1 

• 

1 

>* 

1 

• 

1 

n 

• 

1 

Batio  of  tempera- 
ture and  evapo- 
ration. 

1 

1 

.2  k 

• 

1^ 

Itatio  of  tempera- 
ture and  evapo- 
ration. 

1803 

1863  .... 

1864 

1965 

1866 

1867 

1868 

0.031 
a  038 
0.035 
0.036 
0.033 
a  037 
0.030 

0.063 
0.047 
0.057 
0.082 
0.071 
0.077 
0.056 

2.00 
1.24 
1.61 
2.28 
2.15 
2.08 
1.53 

37.6 
39.0 
3a8 
^.3 
37.4 
37.4 
37.1 

1313 
1026 
1109 
1092 
1133 
1011 
1233 

1862.... 
1863.... 
1864.... 
1865.... 

Mean.. 

0.057 
0.052 
0.052 
0.055 

0.101 
0.086 
0.087 
0.086 

1.79 
1.65 
1.67 
1.60 

42.9 
42.9 
43.2 

4a  8 

733 
825 
831 
797 

0.054 

0.090 

1.68 

43.2            801 

Mean... 

0.034 

0.065 

1.87 

38.1 

1117 

DETROIT,  MICHIGAN. 

ONTONAGON,  MICHIGAN. 

1861. . . . 
1863.... 
1863.... 
1864.... 

Mean.. 

a053 
0.057 
0.052 
0.053 

0.105 
0.086 
0.083 
0.Q71 

1.96 
1.51 
1.60 
1.34 

,    4a7 
4a3 
4a  4 
4&1 

919 

849 

1869 

1863 

0.032 
0.031 
0.037 

a  074 
0.064 
0.063 

2.31 
2.09 
1.70 

2.03 

3a6 
40.3 
40.6 

1206 
1300 
1098 

931 
90S 

1864 

0.054 

0.086 

1.61 

4a  4 

908 

0.033 

0.067 

39.8 

1201 

Mean... 

MONROE,  MICHIGAN. 

KILWAUKBR,  WISCONSIN. 

1863.... 
1od4. ... 
1865. . . . 
1866.... 
1867.... 
1868.... 

Mean.. 

0.054 
0.052 
0.051 
0.052 
0.053 
0.047 

0.084 
0.080 
0.091 
0.085 
a072 
0.085 

1.56 
1.54 
1.78 
1.63 
1.36 
1.81 

49.4 
49.5 

50.6 
49.4 
50.9 
49.6 

915 

1862 

1863 

1864  .... 

1865 

1866  .... 

1867 

1868 

0.051 
0.045 
0.045 
0.044 
0.049 
0.058 
a  047 

0.107 
0.089 
0.076 
0.082 
0.091 
0.068 
0.080 

2.09 
1.98 
1.69 
1.87 
1.86 
1.18 
1.70 

45.5 
46.6 
44.9 
46.0 
44.0 
45.3 
44.2 

892 
1036 
998 
1043 
906 
781 
940 

952 
992 
960 
960 
1056 

0.051 

0.083 

1.61 

40.9 

970 

Mean... 

0.048 

0.085 

1.77 

45.3 

942 

CLEVELAND,  OHIO. 

TAWAS,  mCHIOAN. 

1862.... 
1863.... 
1864.... 
1865.... 
1866.... 
1867.... 
1868.... 

Mean.. 

0.062 

0.055 
0.048 
0.046 
0.048 
0.050 
0.045 

0.113 
0.100 
0.094 
0.090 
0.133 
0.093 
0.106 

1.81 
1.83 
1.96 
1.96 
2.74 
1.86 
2.36 

49.4 
49.5 
49.5 
50.9 
49. 2» 
49.7 
49.5 

797 

900 

18G2 

1863 

IW4 

1865 

0.041 
0.039 
0.053 
0.054 

0.068 
0.085 
0.053 
0.075 

1.66 
2L18 
0.98 
1.39 

43.9 
44.1 
44.3 
44.7 

1070 

1131 

836 

828 

1031 
1107 
1025 
994 
1100 

Mean... 

0.047 

0.070 

1.55 

44.2 

966 

0.051 

0.104 

2.07 

49.7 

99S 

The  above  Table  V  shows  the  evaporation,  as  corrected  according  to 
the  before-mentioned  river  observations,  together  with  its  relation  to  the 
rain-fall  and  temperature.  The  following  table,  VI,  is  compiled  from 
the  last,  and  gives  the  evaporation,  &c.,  for  the  several  lake  stations, 
arranged  according  to  their  latitudes. 
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Tablk  YI. — Shoiclng  the  mean  daily  evaporatiorij  amount  of  rain,  and  temperatwrt  at  ^ 

several  lake  survey  meteoroloyical  stations. 


Stations. 


MM 

I 

> 

9i 


Ontonagon 

Superior 

Thunder  Bay  laland 

Tawas 

lOlwankee 

Detroit 

Monroe 

Cleveland 


•5 

bfi 

^ 

s 

Loi 

S 

O      1        II 

O      '        " 

46  seso 

89  33  30 

0.033 

46  46  30 

92  03  28 

0.034 

45  02  13 

86  11  26 

a054 

44  15  57 

83  30  54 

0.047 

43  03  — 

87  55  — 

0.048 

42  19  58 

83  00  00 

0.0» 

41  53  36 

83  19  26 

0.051 

41  30  — 

81  47  — 

0.051 

"I 

eg 

r 


1 


■^  K       ! 


I  ! 

I  i 

€S 


0.067 
0.065 
0.090 
0  070 
0.085 
0.086  i 
0.083  j 
0.104  i 
1 


2.03 
1.87 
1.68 
1.55 
1.77 
1.61 
1.61 
2.07 


39L8 
38.1 
43.2 
44.2 
4&3 
4&4 
49.9 
4SL7 


\m 
un 
m 
m 

903 
S3 
» 


In  the  following  Table  VII  is  given  the  corrected  mean  daily  evapo^ 
ration,  temperature,  and  rain-fall  for  each  lake. 

In  the  upper  lakes  these  quantities  are  found  by  taking  a  mean  of  the 
<lifferent  stations  on  the  lake,  but,  as  mentioned  in  the  last  report,  we 
have  no  record  of  the  evaporation  on  Lake  Ontario,  and,  for  that  lake, 
it  has  been  computed  from  the  temperature  and  latitude,  according  to 
the  ratio  shown  in  table. 

Tawlk  VII. — Showing  the  mean  daily  evaporationf  amount  of  rain,  and  temperaturt  fw  tw 

several  lakes. 


Lakee. 


Superior. . 
Michigan. 

Huron 

Brie 

Ontario... 


LATITUDE. 

LONGITUDE. 

i 

1    •   ' 

s 

s 

1. 

1 

• 

s 

s 

to* 

> 

■3      ' 

f 

From — 

To— 

From — 

To— 

^  1 

i? 

P 

s 

o    / 

o    / 

o    / 

o    / 

1 

46  30 

48  30 

64  00 

92  00 

0.033 

aOTTO  1 

K4 

41  30 

46  00 

85  00 

88  00 

0lM8 

a0639, 

ft4 

43  00 

46  00 

60  00 

85  00 

aoso 

a0765 

at 

41  30 

43  00 

79  00 

63  30 

a  051 

0.0893 

«13 

43  00 

44  00 

76  00 

80  00 

0.049 

ao898; 

1 

«' 

Tlie  rain-fall  in  the  preceding  table  is  not  taken  from  that  given  in 
tables,  but  from  Table  XXXVII,  in  the  report  on  the  outflow  of  the  lakes, 
giving  the  rain-fall  for  the  whole  lake  region. 

That  table  was  compiled  from  all  the  data  to  which  I  had  access;  bat 
Professor  Joseph  Henry  informs  me  that  he  is  about  to  publish  a  woit 
on  the  rain-fall  of  the  United  States,  compiled  from  the  records  of  the 
Smithsonian  Institution,  which  will  probably  contain  inuch  additiooal 
information  on  this  subject,  though  it  will  hardly  give  what  is  most 
needed,  the  rain-fall  of  the  country  north  of  the  lakes,  and  which  voaW 
probably  decrease  the  amounts  given  in  table. 

I  remain,  very  resx)ectfully,  your  obedient  servant, 

D.  FARBAND  HEM^V. 
Bvt.  Brig.  Gen.  W.  F.  Reynolds, 

Colonel  Corps  of  Engineers^  Detroit 
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Appendix  Y. 

Office  op  Public  Buildings,  Grounds,  and  Works, 

United  States  Capitol^  WcLsMngton  City^  D.  0.,  Aii^mt  1, 1869. 

General:  The  accompanying  annual  report,  in  relation  to  tiie  pre* 
paration  of  the  different  maps  of  campaigns  and  battle-fields  which  were 
compiled  from  the  field-notes  of  surveys  made  under  my  direction,  is 
respectfully  furnished  for  your  information.  The  maps,  including  aU 
those  portions  of  the  country  over  which  the  surveys  have  actually  been 
extended,  and  which  comprise,  with  one  or  two  exceptions,  the  ^itire 
field  of  operations  of  the  contending  armies  from  Antietam  to  Appemst- 
tox  Court  House,  have  been  completed. 

The  first  of  the  series  of  maps  i^epared  exhibit  principally  the  move- 
ments of  the  army  south  of  the  Bapidan  ]  and  the  last  ones,  which  have 
just  been  finished,  comprise  several,  of  the  battle-fields  north  of  tha4} 
river  and  along  the  Rappahannock;  Antietam  and  Harper's  Ferry  are 
included  among  them. 

It  may  be  interesting  to  give  a  brief  recapitulation  of  the  work^  its 
arrangement  and  extent,  and  to  offer  a  few  suggestions  as  to  a  plan  fiw 
its  future  continuance  and  completion. 

The  surveys  cover  an  extent  of  nearly  fifteen  hundred  square  miles* 
The  following  statement  ^mishes  a  list  of  the  number  of  maf^s  which 
have  been  prepared,  comprising  a  portfolio  of  one  hundred  and  eighty- 
six  sheets: 

1.  The  general  maps,  two  inches  to  the  mile,  represent  the  reduced 
detailed  surveys  of  the  country  between  Oold  Harb(»*  and  Appomattox 
Court  House,  numbering  thirteen  sheets. 

2.  The  detailed  maps  are  on  a  scale  of  eight  inches  to  the  mile,  twenty- 
nine  in  number;  eight  of  which  represent  the  intrenched  lines  in  front 
of  Petersburg,  and  the  remainder  those  around  Richmond  and  along  the 
James  River.   . 

3.  Sixteen  sheets,  scale  of  four  inches  to  the  mile,  exhibit  the  most 
prominent  battle-fields,  comprising  Fredericksburg,  Chancellorsville,  WU- 
demess.  Mine  Run,  Todd's  Tavern,  Spottsylvania  Court  House,  North 
Anna,  Tolopotomy,  Cold  Harbor,  Five  Forks,  Jetersville,  Sailor's  Creek, 
Farmville,  Appomattox  Court  House,  Harper's  Ferry,  and  Antietam. 

4.  Thirteen  sheets,  one  inch  to  the  mile,  show  the  original  maps  issued 
at  the  commencement  of  the  campaign  of  1864. 

5.  Three  sheets  of  sections  of  those  last  mentioned,  corrected  and  dis- 
tributed on  the  march. 

6.  One  hundred  and  eleven  drawings  of  forts,  redoubts,  batteries,  and 
mines,  the  scale  of  th0  respective  plans  being  forty  feet  to  one  inch. 

7.  The  index  map,  scale  j^Tj^^nr?  *®  *  general  map  of  the  country  lying 
east  of  the  Alleghany  Mountains,  and  extending  from  the  battle-fiefd  of 
Grettysburg,  on  the  north,  to  the  South  Side  railroad,  on  the  south. 

The  material  collected  during  the  surveys  has  been  entirely  exhausted. 
The  general  map,  which  is  intended  to  accompany  and  form  an  index 
for  the  detailed  sheets,  is  still  in  course  of  construction.  Its  completion 
has  been  delayed  in  consequence  of  the  absence  of  the  correct  data  to 
enable  a  connection  to  be  formed  between  the  several  surveys  that  have 
already  been  made;  this  can  only  be  obtained  by  a  further  prosecution 
of  the  field-work.  Reference  is  respectfully  made  to  the  recommend- 
ations that  appear  in  my  last  annual  report,  and  to  the  plan  proposed 
in  a  communication  on  the  subject  which  was  addressed  to  the  Chief  of 
Engineers  on  the  7th  of  last  May.  In  tliat  letter  it  was  stated  that  the 
colored  portions  of  the  general  map  which  accompanied  it,  <' present  a 
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diagram  of  the  theater  of  operations;  certain  spaces  exhibit  the  sections 
already  surveyed  and  mapped,  and  others  present  the  additional  local- 
ities which  should  be  surveyed  in  order  to  prepare  and  complete  the 
sheets  necessary  to  fully  illustrate  the  history  of  the  several  campaigns.* 
The  party,  as  organized  by  me  in  the  summer  of  1808,  surveyed  in  forty- 
six  working  days  an  area  of  one  hundred  and  eighty -eight  square  miles, 
comprising  the  battle-fields  of  Fredericksburg,  Chancellorsville,  Wilder- 
ness, Mine  Bun,  and  North  Anna.  A  similarly  organized  party  shoddy 
according  to  past  experience,  be  able  to  survey  about  one  hundred  square 
miles  per  month.  As  there  still  remain  between  nine  hundred  and  one 
thousand  square  miles,  it  will  require  from  nine  to  ten  months  to  com- 
plete the  field-work.  Could  the  necessary  transportation  be  temporarily 
furnished  by  the  ofiicers  of  the  Quartermaster's  Department  at  soch 
military  posts  as  may  be  convenient  to  the  work,  and  could  subsistence 
be  supplied  from  the  nearest  subsistence  depots,  the  cost  of  the  surrey 
would  be  very  considerably  reduced.  The  necessary  rodmen,  instra- 
ment  bearers,  and  flagmen  of  the  party  could  be  detailed,  as  formerly^ 
from  the  engineer  battalion.  The  pay  and  incidental  exi)enses  of  the 
principal  and  assistants  of  the  party  would  be  alone  required  to  prose- 
cute the  work.  An  appropriation  of  fifteen  thousand  dollars  is  respect- 
fully asked  for  the  same  to  be  applied  during  the  coming  year. 
I  am,  general,  verv  respectfully,  your  obedient  servant, 

N.  MICHLEE, 
Major  of  Engineers^  Bvt.  Brig.  Oen.  U.  S.  i. 

Bvt  Maj.  Gen.  A.  A.  Humphbeys, 

Brigadier  General  and  Chief  of  JEngineers^ 

Office  of  the  Chief  of  Engineersy  Washingtanj  D.  C. 
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